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手術で治療されるようになりました．もう一つは，山中教授による iPS 細胞の作製です．2006 年に iPS








再生医科学研究所長 岩 田 博 夫




本研究所は，平成 10 年 4 月 9 日に設置された．その前身である胸部疾患研究所は，昭和 16 年 3 月に
「結核の予防及び治療」を主軸とする結核研究所として設置され，昭和 42 年 6 月には結核胸部疾患研
究所に名称変更，さらに昭和 63 年 4 月には「胸部疾患に関する学理及びその応用の研究」を目的とし
た胸部疾患研究所への全面改組が行われたが，胸部疾患に関する研究・治療を取り巻く社会的要請の変






本研究所は，平成 10 年 4 月の発足時は 5大研究部門と附属再生実験動物施設で組織された．その後，
平成 14 年 4 月に附属幹細胞医学研究センターが設置され，平成 16 年 4 月に研究部門の再編（1大研究
部門減）の実施によりナノ再生医工学研究センターが設置された．平成 16 年 10 月には，住友電気工業
㈱の寄附による寄附研究部門が 4年間の時限で設置された．現在 4大研究部門（生体機能学，生体組織





また平成 20 年 10 月には共同利用・共同研究拠点の認定を文部科学大臣より受け，再生医学・再生医
療に関する共同研究を実施している．
主な建物は，再生医科学研究所西館，再生医科学研究所東館（旧生体医療工学研究センター），幹細胞
医学研究棟（平成 14 年竣工），南部総合研究実験棟（ウイルス研，医学研究科との 3部局合同使用）（平成
14 年竣工）の 4棟となっている．
２－２ 教 員 数 等
⑴ 教 員 （平成26年 1 月 1 日現在）
⑵ 大学院生・研修員・研究生等 （平成26年 1 月 1 日現在）
（ ）内は客員で外数
現 員
教 授 准教授 講 師 助 教 小 計 特任講師 特任助教 合 計
13（ 4 ） 8（ 2 ） 2 11 34（ 6 ） 1 1 36（ 6 ）
大 学 院 生 研 修 員 研 究 生 外国人共同研究者等













































２－３ 組 織 図 （平成 26 年 1 月 1 日現在）
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パク質の高次構造形成は小胞体品質管理機構（ERQC : endoplasmic reticulum quality control）によって担われてい
る．小胞体内でミスフォールドしたタンパク質はサイトゾルへ引き出された後，ユビキチン－プロテアソーム系で




































Figure1 A large ERAD complex on the mammalian ER membrane
In the mammalian ER, a membrane-embedded ubiquitin ligase HRD1 forms a stoichiometric complex with
SEL1L, and a large complex is formed by the association of various ERAD components. SEL1L is an unstable
protein, which is stabilized by the association with HRD1.
























Figure2 Structurally distinct α1-antitrypsin polymers and their intracellular sorting
α1-Antitrypsin forms very regular polymer conformation, which well resembles to the native, by swapping the
structural motifs. Three mechanisms were so far identified and can be distinguished by finding the motifs where
they swap. In cells, they are likely to be recognized and sorted as (a) a pathogenic polymer that stably accumu-






















Figure3 GAF plays important roles in transcription at several steps
Transcriptional regulation by GAF (1)
Nucleosome remodeling via NURF : Potentiating the preinitiation complex formation
Transcriptional regulation by GAF (2)
Dependent on the GAGA element at the promoter
The process of the preiniation complex formation.
AGAF1 aptamer inhibits the formation of preinitation complex.
Transcriptional regulation by GAF (3)
Independent of the GAGA element at the promoter
The process after the initiation, i.e.,reinitiation or elongation.
AGAF14 aptamer inhibits these step.





ろ，D2－J2.1 の組換えではハイブリッド・ジョイントではなく，5’ 12RSS と D2 の間で切断されたD2コーディン
グエンドが逆向きに J2.1 コーディングエンドと結合したコーディング・ジョイントであることが判明した（図 4）．






てはいなかった．D-J 再構成が開始される時期に，転写調節因子USF-1 が 5’ D2 12RSS に結合しD2上流のプロモー
ターからの転写を抑制していることが，最近報告された．このUSF-1 の結合が，立体構造上RAGによるD2-J2.1
およびD2-J2.2 複合体形成に何らかの影響を及ぼし，異常な組換えの原因になったと考えられる． （文責：藤本）
Department of Molecular and Cellular Biology consists of the following four groups.
1. Protein quality control mechanism ; how proteins are folded and degraded in the endoplasmic reticulum
One of the research interests in the Department of Molecular and Cellular Biology is the study on the regulation
図 4 D2-J2.1の異常な組換えで形成された構造
本来 3’ D2 23RSSの所で RAGにより切断されるべきなのに，5’ D2 12RSSの所で切断されていた．その結果，
D2は逆向きに J2.1とつながっていた．
Figure4 Aberrantly rearranged D2J2.1 construct
RAG did cut 5’ 12RSS, although it normally cuts 3’ 23RSS. As a result, inverted D2 was joined to J2.1.
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and function of molecular chaperones/stress proteins and lectins, and on the mechanism of protein quality control.
Newly synthesized proteins obtain their native conformations by the assistance of molecular chaperones. How-
ever, the process of protein folding is error-prone, and polypeptides that failed to obtain native structures enter the
refolding cycle or are subjected to intracellular protein degradation. Many secretory proteins and membrane pro-
teins are synthesized in the endoplasmic reticulum (ER), and their folding is regulated by the ER quality control
mechanism (ERQC). Terminally misfolded polypeptides in the ER are degraded by the cytoplasmic proteasomes af-
ter retrotranslocation through the ER membrane, a mechanism known as ER-associated degradation (ERAD).
Many works have clarified the importance of ERAD of misfolded proteins and the disruption of ERQC in genetic
diseases, neurodegenerative disorders, and diabetes mellitus. Since most of the proteins synthesized in the ER are
N -glycosylated, ERQC of glycoproteins are regulated by the processing of N -glycans and the recognition of specific
sugar moieties by the lectins.
At the ER membrane, membrane-embedded ubiquitin ligases ubiquitinate proteins that are extracted from
the ER. HRD1, a multi-pass transmemebrane ubiquitin ligase stoichiometrically associates with SEL1L, a single-
pass membrane protein, and further forms a large complex by the association of various components to regulate
the ERAD (Figure 1). SELIL protein has a large domain in the ER lumen, and associates with chaperone proteins
and lectins. In mammalian cells, SEL1L protein is unstable and is rapidly degraded, which is stabilized by the asso-
ciation with HRD1. We have recently identified the SEL1L domain that is responsible for its instability and degra-
dation of ERAD substrates. Also, we are studying on proteins that are upregulated by ER stress, and now focusing
on proteins that have characteristics of possible new chaperones. (by N. Hosokawa)
2. Chasing the pathogenic protein aggregation : their formation and structural equilibrium
One of the most important targets in frontier regeneration therapy will be Parkinson’s disease, which is largely
induced by the protein aggregations and their accumulation. Alzheimer’s disease and Huntington’s disease are
other famous examples. Protein aggregation occurs when proteins are unable to fold properly e.g. due to the famil-
ial mutations, and their accumulation occurs when they are not properly degraded.
We have focused on the underlying molecular mechanism for the α1-antitrypsin deficiency. It is very popular
disease in North Europe and America because not a small number of Caucasians have Z-allele genetic defect (4%
for heterozygote and 0.1% for homozygote), while we Mongoloid have almost none of pathogenic mutations. α1-Anti
trypsin deficiency is typically characterized by the intracellular deposition of the α1-antitrypsin aggregates and in-
clusion bodies in patient hepatocyte. This seems to be the direct cause for juvenile cirrhosis, and alternatively em-
physema due to the lack of secreted α1-antitrypsin in plasma that inhibits neutrophil elastase. We first examined
how α1-antitrypsin can polymerize in vitro on the basis of X-ray crystallographic techniques. Interestingly, α1-anti
trypsin can polymerize via at least 3 distinct mechanisms by swapping their structural motifs in different ways.
Each polymer structure seems very similar to the native α1-antitrypsin structure. The lack of structural abnormal-
ity might tell why antitrypsin aggregates are able to escape from degradation and stably accumulate in cells. Im-
portantly, only one of the polymer forms well accumulated in the liver inclusions obtained from the Z-α1-antitrypsin
patient, which was confirmed by a monoclonal antibody sensitive to the polymer forms. Further cellular studies in-
dicated the other polymer forms seemed to be degraded or secreted. These collectively suggested many α1-anti
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trypsin polymer forms may exist in equilibrium but not all are pathogenic. Moreover, it has been recently revealed
that each polymer form can modulate their structure, indicating protein toxicity might also modulate. Now, ques-
tions on the α1-antitrypsin deficiency are as follows (1) how these dynamic polymer formation affects the intracellu-
lar homeostasis (2) where is the most toxic fraction of polymers (3) how cellular systems watch and sort these struc-
turally distinct polymer forms. (by M. Yamasaki)
3. Study on the basal transcription factors and the application of RNA aptamers
We showed a novel selection procedure for RNA aptamers against a protein that constitutes a single struc-
tural domain, and published the paper entitled “Perturbation of discrete sites on a single protein domain with RNA
aptamers ; Targeting of different sides of the TATA-binding protein (TBP)”. We obtained two kinds of aptamer
which bind to GAF with a high affinity using a same procedure. Using these aptamers a little change of buffer con-
dition of the nuclear preparation leads the difference of transcription complex. This result leads to clarify the role of
basic transcription factors in the paused polymerase establishment, which is refocused as an important step of
transcription control.
To figure out the effectiveness of RNA aptamer against proteins with weak antigenecity, we started the selec-
tion of RNA aptamers against collagen peptides. There is no antibody against to functional domains of collagen that
means there domains have weak antigenicity. If we get RNA aptamers against these regions, it could be a direct
evidence of the availability for the molecule with low antigenecity. We have not gotten satisfied aptamer, but a cou-
ple of data suggest our strategy is right way to get molecules. (by K. Hirayoshi)
4. Aberrant TCRβ gene V (D) J recombinational products from normal murine thymus.
We had detected very rarely recombined “hybrid joints” between Tcrb D2 and J2.1 or J2.2 by PCR. Sequencing
has revealed that the “hybrid joint” between D2 and J2.1 is actually an aberrant coding joint between inverted 5’ D
2 coding end and J2.1 coding end (Figure 4). For normal D2-J2 rearrangement, the 3’ D2 side is cut. Also sequencing
has confirmed the hybrid joint between D2 signal end and J2.2 coding end. Unexpectedly, however, the signal end
is not intact.
Lack of ATM (ataxia-telangiectasia mutated), which plays an important role in non-homologous DNA end join-
ing pathway, often predisposes mice to lymphomas and contributes to generate hybrid joints. Nevertheless, we
could not detect these aberrant constructs more frequently in ATM－/－ thymus. It has been reported that a tran-
scription factor USF-1 binds with the 5’ D2 12RSS and suppresses the transcription from the D2 upstream pro-
moter when D-J rearrangement occurs. Therefore, it is likely that the USF-1 binding sterically affects D2-J2.1 and
D2-J2.2 complex formation by RAG leading to aberrant joining. (by S. Fujimoto)
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的メカニズムとして，制御性T細胞（Regulatory T cells，Treg と略）による抑制的制御が重要である．その機能異
常は自己免疫病，アレルギーの原因となる．またTreg を標的として，その数的減少，抑制能減弱により癌免疫，
感染免疫の惹起・亢進を図り，その数的増大，抑制能強化により移植臓器に対する免疫寛容の誘導が可能である．
昨年度，Treg は転写因子Foxp3 を特異的に発現するが，機能，表現型の安定性を保つためには epigenetic な変
化が必要であることを示した．本年度，ゲノム全体でのCpG脱メチル化部位をMedIP 法で検索し，Treg 特異的
脱メチル化部位を同定したところ，すべてのメチル化部位のうち約 0.2％が Treg 特異的脱メチル化を有していた．










分子を検索したところ，有力な候補としてケモカインレセプター CCR4 が，eTreg に高発現しており，健常人末
梢血から試験管内でCCR4+T 細胞を除去すれば，大部分の eTreg を除去できる可能性を見出した．実際，健常人
末梢血T細胞を用いて，試験管内でCCR4+T 細胞を除去したT細胞群を腫瘍抗原ペプチドで刺激したところ，腫
瘍抗原特異的CD4，CD8T細胞を誘導できた．同様の操作により，腫瘍抗原特異的T細胞はメラノーマ患者末梢





形癌について，抗CCR4 抗体投与による eTreg 除去と癌ワクチンによる免疫療法が有効である可能性を意味する．





その原因遺伝子は，T細胞抗原レセプタ （ーT cell receptor, TCR）直下に位置するシグナル分子である ZAP－70 で
あり，その SH2 ドメインの一塩基変異によって関節炎が誘導される．昨年度より，この遺伝子変異の自己免疫病
発症における意味を普遍化すべく，ZAP－70 分子の様々な部位にアミノ酸変異をもち，その SH2 ドメインとTCR




This department studies : (i) the cellular and molecular basis of immunologic self-tolerance and the etio-pathol
ogy of autoimmune disease ; (ii) the strategy for eliciting effective immune responses to autologous tumor cells, or
inducing immunologic tolerance to organ transplants, by manipulating the mechanism of immunologic self-toler
ance ; and (iii) the cause and pathogenetic mechanism of rheumatoid arthritis by utilizing an animal model estab-
lished in our laboratory.
One aspect of immunologic self-tolerance (i.e., immunological unresponsiveness of the normal immune system
to normal self-constituents) is actively maintained through a T cell-mediated dominant control of self-reactive T
cells by naturally occurring regulatory CD4+ T cells (Tregs). We previously showed that the transcription factor
Foxp3 is a master regulator of their development and function. In the previous year, we showed that Treg develop-
ment was achieved by the combination of two independent processes, i.e., the expression of Foxp3 and the estab-
lishment of Treg-type CpG hypomethylation, both induced by TCR stimulation. This year we have analyzed
genome-wide methylation status of Treg cells compared with conventional T cells. By MeDIP sequencing and
more precisely by Bisulfite sequencing, we found that limited regions of the genome (~0.2%) were differentially
methylated between the two populations ; these regions were mainly present in gene bodies and non-CpG islands,
and specifically demethylated in Tregs. Transcription start site analysis by CAGE method has revealed that these
Treg-specific demethylated regions mainly act as enhancers of gene regulation while Foxp3－binndinngs site as
gene repressors upon TCR stimulation. These results indicate that Treg-specific epigenome changes and Foxp3
expression play distinct roles in Treg development and function. These findings are instrumental for constructing
functionally stable Treg cells for clinical use.
This laboratory has been studying Treg cells in humans. We have shown that human FOXP3+ T cells can be
dissected into three subpopulations including suppressive and non-suppressive ones. The most differentiated and
suppressive population is FOXP3－high CD25－high CD45RA-low cells, called effector Treg (eTreg) cells. To en-
hance immune responses by specifically depleting eTreg cells, we have been looking for a cell surface molecule
that is selectively expressed by eTreg cells. One of the candidates has turned out to be the chemokine receptor
CCR4. Indeed in vitro depletion of CCR4+ cells from peripheral blood T cells selectively reduced eTreg cells and
evoked immune responses against tumor-associated antigens in healthy individuals and also in cancer patients. In
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vivo administration of anti-CCR4 monoclonal antibody, which is now in use to kill CCR4+ leukemic cells in adult T-
cell leukemia/lymphoma patients in Japan, also eliminated eTreg cells and evoked immune responses against leu-
kemic cells by CD4 and CD8 T cells in patients. Based on these findings we plan to embark a new immunotherapy
of cancer this year by depleting eTreg cells and subsequently immunizing with cancer vaccine.
This laboratory previously established an animal mode of autoimmune arthritis, called SKG mice, which pos-
sess a ZAP－70 gene mutation and spontaneously develop T cell-mediated autoimmune arthritis immunopathologi-
cally similar to rheumatoid arthritis (RA) in humans. This year, we have established another animal model of auto-
immune disease by introducing a variety of mutations in the ZAP－70 gene in mice. One of such ZAP－70 gene
knock-in mice spontaneously developed not only arthritis but also colitis, which are immunopathologically similar
to RA and inflammatory bowel disease in humans. We have investigated how the mutation affects the structure of
ZAP－70 and the binding of ZAP－70 to TCRζ chains, and downstream signal transduction. These spontaneous mod-
els of autoimmune disease due to TCR signal alteration are instrumental in understanding the pathogenetic mecha-
nisms of autoimmune diseases in humans and devising new ways of their prevention and treatment,
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体は長年不明であった．2003 年，米国の Li らは，骨辺縁の骨芽細胞の一種でありNカドへリンを高発現する SNO
細胞が造血幹細胞ニッチを形成することを報告し注目された（Zhang, J. et al., Nature 425, 836－841（2003））．一方，
米国のMorrison らは，造血幹細胞の多くは骨髄腔内で網の目のように分布する洞様毛細血管の周囲に存在するこ
とを報告した（Kiel, MJ. et al., Cell 121, 1109－1121（2005））．しかし，Li らの報告の根拠となった造血幹細胞の組織






必須であることを明らかにした（Nagasawa, T. et al., Nature 382, 635－638（1996）; Tachibana, K. et al., Nature 393,
591－594（1998）; Egawa, T. et al., Immunity 15, 323－334（2001）; Ara, T. et al., Immunity 19, 257－267（2003）; Sugiyama,





胞の長い細胞突起に接着していた（Tokoyoda, K. et al., Immunity 20, 707－718（2004）; Sugiyama, T. et al., Immunity 25,











細胞は骨芽細胞・脂肪細胞共通前駆細胞であることが示された（Omatsu, Y. et al., Immunity 33, 387－399（2010））．
＊
2012 年，米国のMorrison らによる SCFを発現する細胞を蛍光蛋白質GFPで可視化できる SCF-GFP ノックイ
ンマウス（SCF遺伝子座にGFP遺伝子を挿入）の解析で，骨髄には SCFを高発現する細胞が存在してCD150＋CD
41-CD48-造血幹細胞分画の約 67%と接着すること，SCF高発現細胞はレプチン受容体（leptin receptor ; lepr）を特
異的に高発現することが報告された．更に，レプチン受容体Cre トランスジェニックマウスとCre によって SCF
遺伝子が欠損する SCFflox/flox マウスの解析より SCF高発現細胞で SCFを欠損させると造血幹細胞数が約 5分の 1




く非血球細胞でCXCL12 を欠損するマウスでは造血幹細胞数が著減することを示した（Greenbaum, A. et al., Nature
495 ; 227－230（2013））．以上より，CAR細胞は，CXCL12 と SCFを産生する造血幹細胞の増殖と未分化性の維持
に必須のニッチ細胞であると考えられる（細網細胞ニッシェ）．現在，ニッチによる正常と疾患における造血制御の




Chemokines are a large family of small structurally related chemoattractive cytokines that utilize seven-
transmembrane spanning G-protein-coupled receptors (GPCR). We identified CXC chemokine ligand 12 (CXCL12),
also known as stromal cell-derived factor (SDF)-1 as pre-B-cell growth stimulating factor and found that CXCL12
and its primary receptor CXCR4 were essential for hematopoiesis, including colonization of bone marrow by hema-
topoietic stem cells (HSCs) during ontogeny, maintaining a pool of HSCs in adult bone marrow and development of
all immune cells produced in bone marrow, including B cells, plasmacytoid dendritic cells (pDCs) and NK cells as
well as cardiogenesis and organ vasculalization during ontogeny (Nagasawa, T. et al., Nature 382, 635－638 (1996) ;
Tachibana, K. et al., Nature 393, 591－594 (1998) ; Egawa, T. et al., Immunity 15, 323－334 (2001) ; Ara, T. et al., Immunity
19, 257－267 (2003) ; Sugiyama, T. et al., Immunity 25, 977－988(2006) ; Kohara, H. et al., Blood 110, 4153－4160 (2007) ;
Noda, M. et al., Blood 117, 451－458 (2011)).
On the other hand, we have identified a small population of non-hematopoietic cells expressing high amounts of
CXCL12, termed CXCL12-abundant reticular (CAR) cells with long processes. We have revealed that CAR cells
were scattered throughout bone marrow and that most HSCs, early B cell precursors, the end-stage B lymphocytes,
plasma cells, pDCs and NK cells were attached to the processes of CAR cells, suggesting that CAR cells function as
the special microenvironments, termed ‘niches’ for HSCs and immune cells (Tokoyoda, K. et al., Immunity 20, 707－
718(2004), Sugiyama, T. et al., Immunity 25, 977－988(2006)). In addition, we generated mice that allow selective abla-
tion of CAR cells within bone marrow and determined the nature and in vivo function of CAR cells as a niche for
HSCs and lympho-hematopoietic progenitors (Omatsu, Y. et al., Immunity 33, 387－399 (2010)). Short-term ablation of
CAR cells in vivo did not affect candidate niches, bone-lining osteoblasts or endothelial cells but severely impaired
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the adipogenic and osteogenic differentiation potential of marrow cells and production of SCF and CXCL12, and led
to a marked reduction in cycling lymphoid and erythroid progenitors. HSCs from CAR cell-depleted mice were re-
duced in number and cell size, were more quiescent and had increased expression of early myeloid selector genes,
similar to the phenotype of wild-type HSCs cultured without a niche. Thus, the niche composed of adipo-osteogenic
progenitors is required for production of CXCL12 and SCF, proliferation of HSCs and lymphoid and erythroid pro-
genitors as well as maintenance of HSCs in an undifferentiated state (Omatsu, Y. et al., Immunity 33, 387－399 (2010) ;
Nagasawa, T. et al., Trends Immunol . 32, 315－320 (2011)). Recently, Ding et al., reported that cells which expressed
high levels of SCF preferentially expressed the receptor for leptin (lepr) and that the numbers of HSCs were re-
duced by about 5－fold when SCF was conditionally deleted from leptin-expressing cells (Ding,L. et al., Nature 481,
457－462(2012)). We have confirmed that lepr is preferentially expressed in CAR cells. Thus, the results shown by
Ding et al., support the idea that CAR cells function as a niche for HSCs. We are studying the molecular basis of de-
velopment and maintenance of niches for hematopoietic stem and progenitor cells (HSPCs) (Omatsu, Y. et al., Nature
in press).
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長澤丘司，“造血幹細胞のニッシェと骨代謝”Bone Vol. 27, pp. 41－47（2013）
長澤丘司，“組織幹細胞の stemness とニッシェ”腎と透析Vol. 75, pp. 807－815（2013）
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T. Nagasawa, YM-Kyoto Symposia. “Microenvironmental niches for hematopoietic stem and progenitor cells in
bone marrow-The adipo-osteogenic progenitors, CXCL12-abundant reticular (CAR) cells-” (April 5, 2013, Na-
tional Yang-Ming University, Taipei, Taiwan)
T. Nagasawa, International Conference of the Korean Society for Molecular and Cellular Biology, Symposium :
Stem cell niche and cell therapy. “The Adipo-osteogenic progenitor CXCL12-abundant reticular (CAR) cells
function as niches for hematopoietic stem and progenitor cells in bone marrow” (October 9, 2013, COEX,
Seoul, Korea)
T. Nagasawa, Swiss-Kyoto Symposium. “Microenvironmental niches for hematopoietic stem and progenitor cells in
bone marrow” (November 22, 2013, ETH Zurich, Zurich, Switzerland)
招待講演（国内）
長澤丘司，さきがけ第 4回領域会議，CREST慢性炎症講演「炎症の慢性化機構の解明と制御」研究領域（2013/1/
7 ホテルモントレ グラスミア大阪 大阪）
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ロストーク“骨髄の造血幹細胞ニッシェと脂肪・骨前駆細胞CAR細胞”（2013/3/28 サンポートホール高
松・かがわ国際会議場 高松）
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T. Nagasawa, The 6th International workshop of Kyoto T cell conference. “The adipo-osteogenic progenitors func-
tion as niches for hematopoietic stem and progenitor cells in the marrow”（2013/6/3－7 京都大学芝蘭会館
京都）
長澤丘司，第 23 回日本サイトメトリー学会 学術集会 シンポジウム 4 再生と炎症，新たな展望“骨髄の造血
幹細胞・前駆細胞ニッシェ”（2013/6/22 日本医科大学橘桜会館 東京）
T. Nagasawa, Omatsu,Y., Sugiyama,T. 第 42 回日本免疫学会学術集会 シンポジウム Osteoimmunology “The mi-
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は Vascular Endothelial Growth Factor-A（VEGF-A）のみならず，Fibroblast Growth Factor－2 や Insulin-like
Growth Factor-I など種々の遊走刺激へのヒト臍帯静脈血管内皮細胞（Human Umbilical Vein Endothelial Cells :
HUVECs）のケモタキシスを阻害した．rhChM-I 存在下ではVEGF-A 刺激に伴うHUVECs のアクチン細胞骨格お









ChM-I は 120 アミノ酸から成る糖タンパク質で，N型糖鎖結合部位を含むN末端側の親水性ドメイン（ドメイン
1）と，C末端側にある疎水性のシステインリッチドメイン（ドメイン 2）から構成されている．我々はこれまでに
CHO細胞や 293-F 細胞などの哺乳細胞発現系を用いて糖鎖修飾されているヒト組換えChM-I タンパク質（G-
hChM-I）を発現させ，軟骨細胞および血管内皮細胞に対する生物活性を明らかにしてきた．一方，大腸菌 E. coli

















（A-D）Scxを発現している腱・靭帯（GFP，緑）と Sox9 を発現した細胞の履歴（tdTomato，赤）を胎生 14.5日の Sox9Cre/+ ; Ai14 ;
ScxGFP マウスにおいて解析した．矢印と矢頭はそれぞれ腱と靭帯を示している．（A）後肢の外側像を示す．（B-D）後肢の矢状




Fig. 1 Contribution of the Scx+/Sox9+ cell lineage to the formation of ligaments and the entheseal side of tendons
(A-D) Distribution of Scx-expressing tendons and ligaments (GFP, green) with a Sox9 expression history (tdTomato, red) were
analyzed in a Sox9Cre/+ ; Ai14 ; ScxGFP mouse embryo at E14.5. Arrows and arrowheads indicate tendon and ligaments, respec-
tively. (A) Lateral view of the hindlimb. (B-D) Sagittal sections of the hindlimb. The developing digit with the prospective digital
joints is shown in B. White and yellow arrows in C indicate the force-transmitting and the anchoring tendons at the lower leg re-
spectively. The boxed region in C is shown at a higher magnification in D. (At, Achilles tendon ; ca, calcaneus ; cl, collateral liga-
ment ; d4, digit 4 ; d5, digit 5 ; edl, extensor digitorum longus tendon ; fe, femur ; fi, fibula ; gm, gastrocnemius muscle ; me,





SRY-box containing gene 9（Sox9）と Scleraxis（Scx）はそれぞれ軟骨形成と腱形成に不可欠な転写因子であるが，
一部の腱・靭帯前駆細胞や軟骨前駆細胞においては，筋骨格系形成初期に Sox9 と Scx が共に発現している．そこ
で，ScxCre マウスとレポーターマウスを交配して Scx 陽性細胞の系譜を解析すると，Scx 陽性である軟骨前駆細胞
が軟骨と腱/靭帯の連結部付近の軟骨細胞に分化することが明らかとなった．
また，Scx の発現領域において Sox9 陽性細胞の系譜を解析した結果，Scx 陽性細胞は Sox9 の発現履歴により，Scx+
/Sox9＋前駆細胞と Scx＋/Sox9－前駆細胞の二つの集団に分かれることが明らかとなった．腱細胞は Scx+/Sox9＋及び
Scx+/Sox9－前駆細胞に由来しており，軟骨原基に近づくほど多くの腱細胞が Scx+/Sox9＋に由来していた．靭帯細






ある SRY-box containing gene 9（Sox9）は，軟骨だけでなく椎間板でも発現し，形成過程の脊柱では椎間板において
Pax1 と重複した発現パターンを示した．ニワトリ胚の前肢に Pax1 を強制発現させた結果，軟骨形成の初期過程
には影響が認められなかったものの，軟骨細胞の成熟及び内軟骨性骨形成が阻害され，軟骨の成長が著しく抑制さ
れた．Pax1 を強制発現した軟骨細胞では，プロテオグリカンの蓄積が減少し，Agg 椎骨の軟骨性骨原基の形成に






た．また，Pax1 の強制発現により，培養軟骨細胞における Sox9，Nkx3.2，Indian hedgehog，type II collagen，Chon-
dromodulin－1 及び Agc1 といった軟骨マーカー遺伝子の発現が顕著に低下した．Pax1 と同時に Sox9 を強制発現し
た軟骨細胞では，Pax1 を単独で強制発現した場合と比較して，軟骨マーカー遺伝子の発現がわずかに上昇したが，
軟骨細胞の特徴はほとんど回復しなかった．以上の結果から，Pax1 が軟骨細胞の成熟過程を阻害することが明ら




骨組織特異的な発現は，SRY-box 9（Sox9）が結合する第 1イントロン内の 48bp からなるエンハンサーによって制
御されている．このエンハンサーの 4回繰り返し配列を Zebrafish enhancer detection（ZED）vector に組み込み，Tol2
トランスポゾンを用いて，軟骨でEnhanced green fluorescent protein（EGFP）を発現するトランスジェニック
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フィッシュの系統（col2a1 : GFP）を確立した．col2a1 : GFP では，生後 2日目から頭部や胸ヒレに出現する軟骨細
胞でEGFPの発現が認められ，生後 21 日目幼魚の軟骨組織においてもEGFPの発現が検出された．また，flk1（vegfr
2）遺伝子の血管内皮細胞特異的発現制御領域を用いて，血管を赤色蛍光蛋白質であるmCherry によって可視化し
たトランスジェニックフィッシュの系統（flk1 : mCherry）を確立した．この flk1 : mCherry と col2a1 : GFP を交配す
ることで，軟骨組織と血管を同時に蛍光観察可能なダブルトランスジェニックフィッシュ（col2a1 : GFP ; flk1 :
mCherry）を作成することが可能となった．現在，共焦点レーザー顕微鏡を用いて，col2a1 : GFP ; flk1 : mCherry の
胸ヒレの軟骨形成領域と血管網の相互作用について解析を進めている．
The proper growth and differentiation signaling from the surrounding extracellular environment regulates tis-
sue formation and its functions. We are aiming at the elucidation of molecular interactions and signaling networks
underlying vascularization of mesenchymal tissues and formation of skeletal tissues such as cartilage, bone and
tendon/ligaments. Our current research efforts are focused on the following studies.
1. Functional analysis of Chondromodulin-I (ChM-I)
(1) The inhibitory actions of ChM-I on the motility of vascular endothelial cells
We have previously purified and cloned ChM-I as an angiogenesis inhibitor from fetal bovine cartilage based
on the growth inhibitory activity of vascular endothelial cells (ECs). ChM-I is expressed in the avascular zones of
cartilaginous molds and cardiac valves, and has been shown to inhibit the migration, proliferation, and tube mor-
phogenesis of cultured ECs. The aged mice lacking ChM-I exhibit abnormal angiogenesis in cardiac valves, sug-
gesting the essential role of ChM-I in maintaining the tissue avascularity. Despite these evidences showing the ac-
tivity of ChM-I in vivo and in vitro , the molecular mechanism of the ChM-I actions remains to be elucidated. To ad-
dress this issue, we have prepared recombinant human ChM-I (rhChM-I) and examined its effects on migration of
ECs, an early regulatory step in angiogenesis. In a modified Boyden chamber assay, ChM-I inhibited the chemotac-
tic migration of human umbilical vein endothelial cells (HUVECs) induced by Vascular Endothelial Growth Factor-
A (VEGF-A) as well as by Fibroblast Growth Factor-2 and Insulin-like Growth Factor-I. The inhibitory action in-
volved the disturbed reorganization of actin cytoskeleton and focal adhesions in VEGF-A-stimulated ECs. We
found that rhChM-I suppressed the VEGF-A-induced activation of Rac1 and the phosphorylation of cofilin, which
leads to the dysregulation of actin polymerization. Consistent with these observations, time-lapse microscopic
analysis revealed that ChM-I inhibited the persistent extensions of lamellipodia and evoked frequent alterations of
moving front in a consistent manner with the reduced motility and directionality of ECs upon VEGF-A stimulation.
These data showed that ChM-I impaired the VEGF-A-stimulated motility of ECs through the destabilization of
lamellipodial extensions. The inhibitory action was selective to the endothelial cell type, but not to other cell types
such as fibroblastic cells, suggesting that ChM-I acts through an endothelial cell-specific signal pathway that regu-
lates the motility of ECs.
(2) The analysis of domain structure of ChM-I
ChM-I is a glycoprotein consisting of the N-terminal hydrophilic domain with an N-glycosylation site (domain 1),
and a hydrophobic cysteine-rich domain located at the C-terminus (domain 2). Domain 2 is well conserved across
species and is highly similar to the C-terminal cysteine-rich domain of Tenomodulin (Tnmd), a ChM-I related angio-
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genesis inhibitor. Using a glycosylated form of recombinant human ChM-I (G-hChM-I) expressed in CHO cells or
293-F cells, we have demonstrated the various bioactivities of ChM-I on chondrocytes and vascular endothelial cells.
On the other hand, the non-glycosylated form of human ChM-I expressed in E. coli (NG-hChM-I) exhibited the simi-
lar bioactivity, but the activity was obviously lower than that of G-hChM-I. Truncation of the domain 1 containing
the N-glycosylation site by limited digestion with V8 protease had no apparent effect on the bioactivity of NG-
hChM-I, indicating that the domain 2 is an active domain of this protein. Circular dichroism (CD) measurement re-
vealed that N-glycosylation in domain 1 is critical for the structural integrity for biological function as well as the
protein solubility. Current works focus on the analysis of active domain of ChM-I using its mutant proteins and syn-
thetic peptides. So far, no sequence and structural similarity of ChM-I and Tnmd to any known angiogenesis inhibi-
tor has been reported. Thus, the active domain of ChM-I is expected to be a novel anti-angiogenic peptide drug
with promising activity for the angiogenesis-related diseases including solid tumors and rheumatoid arthritis.
2. Analysis of the contribution of Scx+/Sox9+ progenitors to the establishment of the junction between cartilage and ten-
don/ligament
In vertebrates, coordinated body movement is ensured by a close functional and physical association of bones,
muscles, tendons and ligaments. Tendons connect muscles to the skeletal components and function as force trans-
mitters, whereas ligaments bind bones together to stabilize joints. During the early stages of musculoskeletal de-
velopment, cartilage, muscle, tendon and ligament primordia initially develop as an individual unit, but subse-
quently they are integrated with each other by an unknown mechanism.
SRY-box containing gene 9 (Sox9 ) and scleraxis (Scx) regulate cartilage and tendon formation, respectively. At
the early stages of musculoskeletal development, both Sox9 and Scx are detected in the subpopulation of tendon/
ligament progenitors and chondroprogenitors. Lineage analysis crossing ScxCre transgenic mice with reporter
mice revealed that Scx+ chondroprogenitors differentiate into chondrocytes near the chondro-tendinous/ligamen-
tous junction during development.
Sox9 lineage tracing in the Scx+ domain revealed that Scx+ progenitors can be subdivided into two distinct
populations with regard to their Sox9 expression history : Scx+/Sox9+ and Scx+/Sox9- progenitors. Tenocytes are
derived from Scx+/Sox9+ and Scx+/Sox9- progenitors. The closer the tendon is to the cartilaginous primordium, the
more tenocytes arise from Scx+/Sox9+ progenitors. Ligamentocytes as well as the annulus fibrosus cells of the in-
tervertebral discs are descendants of Scx+/Sox9+ progenitors. Conditional inactivation of Sox9 in Scx+/Sox9+ cells
causes defective formation in the attachment sites of tendons/ligaments into the cartilage, and in the annulus fibro-
sus of the intervertebral discs. Thus, the Scx+/Sox9+ progenitor pool is a unique multipotent cell population that
gives rise to tenocytes, ligamentocytes and chondrocytes during the establishment of the chondro-tendinous/liga-
mentous junction.
3. Inhibitory action of Pax1 on chondrocyte maturation.
Paired box gene 1 (Pax1 ) indirectly promotes the early stages of chondrogenic differentiation through induc-
tion and transactivation of Nk3 homeobox 2 (Nkx3.2), a transcriptional repressor. Later in chondrogenic differentia-
tion, Nkx3.2 blocks chondrocyte hypertrophy by repressing Runt-related transcription factor 2 (Runx2 ). We demon-
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strate that Pax1 acts as a negative regulator of chondrocyte maturation, independently of Nkx3.2 . Upon cartilage
formation, Pax1 expression in the ventral sclerotome was gradually decreased except for the perichondrial region
of the vertebral bodies and the intervertebral region, both of which express SRY-box containing gene 9 (Sox9 ). Forced
expression of Pax1 in the chick forelimb resulted in the formation of shortened skeletal elements with a significant
reduction of proteoglycan accumulation in cartilage as well as a lack of the cortical bone formation and vascular in-
vasion into primary ossification center. Pax1 -misexpressing chondrocytes exhibited aberrant cell morphology with
marked downregulation of Aggrecan (Agc1 ). Cultured Pax1 -misexpressing chondrocytes failed to accumulate carti-
laginous proteoglycans and became fibroblastic, in association with the marked downregulation of the expression
of Sox9 , Nkx3.2 , Indian hedgehog, type II collagen, Chondromodulin−1 as well as Agc1 . In cultured chondrocytes, re-
duced accumulation of cartilaginous proteoglycans induced by the forced expression of Pax1 was partially rescued
by Sox9 overexpression, but further promoted by Nkx3.2 overexpression. Thus, the chondrogenic action of Sox9
was antagonized by Pax1 , which is downregulated during chondrogenic differentiation.
4. Live imaging of avascular cartilage formation in zebrafish
Zebrafish (Danio rerio ) is a powerful tool to analyze vertebrate embryogenesis due to the optical transparency
of the living embryos. We analyze interactions between cartilage and blood vessels during zebrafish embryonic de-
velopment by live imaging of fluorescent transgenic zebrafish lines. Cartilage-specific expression of mouse col2a1
gene is regulated by the SRY box-9 (Sox9 )-binding 48 bp enhancer element in the first intron of the gene. Taking
advantage of Tol2 transposon and Zebrafish enhancer detection (ZED ) vector containing four tandem repeats of the
48 bp col2a1 enhancer element, we have established a transgenic zebrafish line, col2a1 : GFP . In col2a1 : GFP at 2
days post fertilization (dpf), GFP expression was detected in cartilaginous elements such as pharyngeal arch and
pectoral fin. Even at 21 dpf, EGFP was still detected in cartilaginous elements of col2a1 : GFP larvae. For visualiza-
tion of the vascular network, we have also established a transgenic fish line, flk1 : mCherry that express red fluores-
cent protein, mCherry, under the control of promoter/enhancer elements of zebrafish flk1/vegfr2 gene. We then ob-
tained double transgenic col2a1 : GFP ; flk1 : mCherry by crossing col2a1 : GFP with flk1 : mCherry. These double
transgenic col2a1 : GFP ; flk1 : mCherry enabled us to monitor both cartilage and blood vessel formation simultane-
ously. With confocal laser microscopy, we are currently investigating the formation of avascular cartilage with a fo-
cus on pectoral fin development.
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The main objective of our department is to investigate and develop methods, procedures, and technologies
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which are applicable to basic and clinical medicines as well as basic researches of biology and medicine from the
viewpoint of material sciences. The materials to use in the body and to contact biological substances, like proteins
and cells, are defined as biomedical materials and biomaterials. In our department, various types of biodegradable
and non-biodegradable biomaterials of polymers, metals, ceramics, and their composites, are being designed and
created aiming at their clinical applications as well as the development of experimental tools necessary for basic re-
searches of medicine and biology which scientifically support clinical medicine. We are actively proceeding re-
search and development (R & D) of biomaterials to assist reconstructive surgery and apply to drug delivery sys-
tems (DDS) for improved therapeutic efficacy. However, it is often difficult for patients to improve their Quality of
Life (QOL) only by the therapeutic procedure of reconstructive surgery because the biomaterials applied are of
poor biocompatibility and functional substitutability. For organ transplantation, there are several problems to be
resolved, such as the lack of donor tissue and organ or the adverse effects of immunosuppressive agents. The two
advanced medical therapies currently available are clinically limited in terms of the therapeutic procedure and po-
tential.
In these circumstances, a new therapeutic trial based on the natural healing potential of patients themselves,
has been increasingly expected. This is called as termed the therapy of regenerative medicine. The healing poten-
tial is gowned by the inherent potentials of cells for proliferation and differentiations. The regeneration and repair-
ing of tissues are naturally induced to therapeutically treat diseases by artificially manipulating the cells potential.
The regeneration medicine composed of regeneration therapy and regeneration research which scientifically sup-
ports the regeneration therapy of next generation. The objective of generation therapy is to regenerate injured or
lost tissues and substitute organ functions by making use of the cell-based natural healing potential. The regenera-
tion therapy is quite different from the reconstructive surgery and organ transplantation from the viewpoint that
neither biomaterials and medical devices nor immunosuppressive agents are needed. The basic idea of regenera-
tion therapy is to give cells a local environment which is suitable to promote their proliferation and differentiation,
resulting in the cell-based induction of tissue regeneration and repairing. It is tissue engineering that is a biomedi-
cal technology or methodology to create this environment for the natural induction of tissue regeneration. Gener-
ally, there are three factors necessary to induce tissue regeneration, such as cells, the scaffold for cell proliferation
and differentiation, and biosignaling molecules of growth factors and the related gene, which are fundamentally 3
components constituting the body tissue. For successful regeneration therapy of tissue, it is indispensable to effi-
ciently combine various biomaterials with the body components. Among biomaterials, biodegradable biomaterials
play an important role in this medical applications. Since there are few metals and ceramics with biodegradable na-
ture, polymer materials of biodegradability are generally preferable for this purpose. The combination of polymers
with metals or ceramics is effective in preparing material composites of suitable biodegradability. If a biomaterial is
degraded to disappear in the body, it is not always necessary to retrieve the material from the body after the func-
tion expected is accomplished. In addition, the material should be degraded at the right time profile not to physi-
cally impair the natural process of tissue regeneration by the material remaining. Biodegradable biomaterials well-
designed are indispensable for the research and development (R&D) of medical devices, DDS, and regeneration
therapy or regeneration research of cell research and drug discovery.
Our research goal is to design and create biomaterials from polymers and the composites with metals or ce-
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ramics which are practically applicable for regeneration therapy, stem cell technology, DDS, and medical therapy
of reconstructive surgery and internal medicine. More detailed explanation about every project is described.
1) Biomaterials for Regeneration Therapy
It is well recognized that cells are present in the living tissue interacting with the extracellular matrix (ECM)
of natural scaffold for their proliferation, differentiation, and morphogenesis. When the body tissue is largely lost,
the ECM itself also disappears. In such a case, only by supplying cells to the defect, we cannot always expect the
tissue regeneration at the large defect. One of the possible ways to achieve successful tissue regeneration is to pro-
vide a temporary scaffold for the proliferation and differentiation of cells to the defect. We are designing and creat-
ing 3-dimensional and porous constructs of biodegradability as this temporary cell scaffold which is an artificial
ECM. However, if the number of cells and the amount of biosignaling molecules are not large enough to promote
the cell activities, only the supply of a scaffold to the tissue defect will not induce the tissue regeneration. As one
trials to break through the situation, it practically possible to make use of growth factors for promoted proliferation
and differentiation of cells. It is, however, necessary for in vivo use of growth factors to contrive their administra-
tion form because of the in vivo short half-life and instability. One possible answer for that is to use the controlled
release of growth factor or the related gene at the tissue site to be regenerated over an extended time period by in-
corporating the factor or gene into an appropriate carrier. This release technology enables the growth factor to ef-
ficiently enhance the biological activity, resulting in promoted cell-induced tissue regeneration. We are designing
and preparing the biodegradable carrier of growth factors and genes from gelatin and its derivatives. A new ther-
apy to naturally induce tissue and organ regeneration by the controlled release of various biologically active
growth factors has been achieved and the therapeutic potentials have been scientifically demonstrated through
animal experiments. Among the tissue regeneration trials, clinical experiments of angiogenic and bone regenera-
tion therapies have been started by the controlled release technology of basic fibroblast growth factor (bFGF), insu
lin-like growth factor (IGF)-1, and platelet-rich plasma (PRP) to demonstrate the good therapeutic efficacy.
Generally, in the chronic fibrotic disease, such as diluted cardiomyopathy, liver cirrhsis, lung fibrosis, and
chronic nephritis, the damaged portion of organ is often occupied with the fibrous tissue, which often causes organ
dysfunction. It is highly possible that if the fibrosis is enzymatically digested by a proper way, the fibrotic site is
naturally regenerated and repaired on the basis of the inherent regenerative potential of the surrounding normal
tissue and consequently the organ function is regenerated and recovered. The systems of drug targeting and the
local release with polymers of an organ affinity are being designed and prepared to achieve the regeneration ther-
apy for chronic disease based on the natural healing potential of patients. Based on the drug administration therapy
which has been clinically used in internal medicine, this is called as physical regenerative therapy of internal medi-
cine. This is a therapeutic approach which is different from the conventional regenerative therapy of surgery
where cells, the scaffold, and signal molecules or the combinations are surgically applied to a tissue defect for re-
generation induction thereat. The two surgical and physical regeneration therapies are conceptually identical from
the viewpoint of the positive use of natural healing potential. In addition, the basic idea of regenerative therapy will
be combined with interal medical therapy to open a new therapeutic field in the future. For example, the combina-
tion with aneurysm catheter therapy has been tried, and consequently the aneurysm occlusion by the regenerated
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tissue-based organization has been succeeded by the bFGF release system. On the other hand, a new cell culture
technology is being developed to enhance the cellular expression level of nucleic acid compounds, such as decoy
DNA and small interfering RNA (siRNA), with non-viral gene carriers.
2) Biomaterials for Stem Cells Technology and Regeneration Research of Cell Biology and Drug discoverry
There are two approaches to realize regeneration medical therapy. One is the tissue engineering-based thera-
peutic approach described above. The other is the transplantation therapy of cells which have a potential to induce
tissue regeneration. For the latter approach, it is of prime importance to efficiently obtain and prepare cells with a
high potential of proliferation and differentiation, such as stem cells, precursors, and blastic cells. In this depart-
ment, the technology and methodology of cell culture with various biomaterials and bioreactors have been ex-
plored to efficiently isolate, proliferate, and differentiate stem cells, precursors, and blastic cells. A series of this
study not only aims at the preparation of cells suitable for the therapy of regenerative medicine, but also research
and development (R&D) of materials, technologies, and methodologies for basic medicine and biology. They are also
applicable for the research of drugs discovery to evaluate their metabolism and toxicity. In addition, non-viral vec-
tors for plasmid DNA and siRNA have been investigated to design the DDS system for gene transfection which
can biologically analyze the functions of stem cells and genetically engineer cells to activate the biological functions
for cell therapy. For example, a new system for the controlled release of plasmid DNA inside cells has been devel-
oped to succeed in enhancing the level of gene transfection and the consequent gene expression as high as or
higher than that of viral vector system. In addition, a new technology of cell culturing on plasmid DNA-coated sub-
strates has been designed and enhanced the level of gene expression as well as prolonged the expressed period.
This reverse transfection system (SubFection : substrate-mediated transfection) was effective in the gene transfec-
tion for stem and matured cells which have not been readily transfected by the conventional method. This can be
applied for the cell internalization of low-molecular weight compounds, peptides, proteins, and nucleic acids (siRNA
and decoy DNA). We cannot only enhance the biological activities of plasmid DNA and siRNA with the non-viral
vectors for stem cells, but also modify their biological functions and differentiation fate.
The minimum unit of body is cell, but that of biological function is the cell aggregate. The cell culture with cell
aggregates has been noted for the basic biological and medical research of cells and drug discovery (the drug de-
velopment and the toxicity evaluation). However when the size of cell aggregates becomes larger, the cells in the
aggregates tend to die because of the lack of nutrients and oxygen. This cell death often courses the discontinu-
ation of cell researches. To break through the problem, biodegradable hydrogel microspheres were tried to incor-
porate into the cell aggregate. The microspheres incorporation enabled cells to improve their function even in the
cell aggregate. This technology is one of the key methods to generate the cell-based tissue-like structure in vitro.
3) Biomaterials for DDS
Generally there are few drugs which have a specific selectivity for the site of action. Therefore, the high-dose
administration of drugs is necessary to achieve their in vivo therapeutic efficacy, while this often causes the ad-
verse effects of drugs. DDS is a biomaterial-technology which allows a drug to act at the right time the right site of
action at the necessary concentration. The objective of DDS includes the controlled release of drug, the prolonga-
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tion of drug life-time, the acceleration of drug permeation and absorption, and the drug targeting. Various biomate-
rials are inevitably required to achieve every DDS objective. In this department, various research projects of DDS
for drug and gene therapies have been being carried out from the viewpoint of polymer material sciences. Our defi-
nition of “drug” is not limited only to therapeutic substances, but the drug includes every substance which has a
certain biological activity and function, such as diagnostic and preventive drugs, cosmetics, and health care sub-
stances etc. The DDS technology and methodology can be also applied for preventive and diagnostic substances to
enhance the in vivo efficacy of vaccination and diagnosis, such as magnetic resonance imaging (MRI), ultrasound di-
agnosis or molecular imaging. We are developing DDS technology and methodology which are applicable to the re-
search and development of cosmetics and health care sciences. The basic idea of DDS is to efficiently enhance the
biological functions of a certain substance by the combination with biomaterials. DDS is defined as an universal
technology or methodology which can apply to every research field of natural sciences.
4) Biomaterials for Surgical and Physical Therapies
This department is partly originated from the division of Molecular Design and Biomaterials of the former Re-
search Center for Biomedical Engineering where the medical applications of polymer materials have been investi-
gated extensively. Among the research activities, we continue to molecularly design and create biomaterials
mainly from biodegradable polymers aiming at the development of assistant materials in surgical and physical
therapies.
From the viewpoint of biomaterial sciences, we are actively proceeding comprehensive biological and medical
researches on the scaffold for the cell proliferation and differentiation, the DDS of growth factors and the related
genes, and the material-based technology or methodology to use stem, precursor, and blast cells or in addition, their
medical applications. Through several R&D collaborations with medical, dental, and veterinary schools as well as
private companies, we are planning to apply our basic research results to realize the regeneration induction ther-
apy of various tissues and organs, such as the skin, fat, bone, cartilage, nerve, hair, blood vessels, periodontium,
myocardium, and kidney. DDS technologies are also being investigated for their applications of therapeutic, pro-
phylactic, and diagnostic medicines. Some biomaterials are necessary and applicable to further develop the basic
researches of cell medicine and biology.
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Our research group intends to develop engineered materials that contribute practically and efficiently to the
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pected to exhibit diverse functions in vitro or in vivo. Fundamental and applied studies are undertaken to realize
such biomaterials, taking advantage of organic materials, namely polymeric materials and state-of-the-art tech-
niques for analyzing and handling biomolecules and cells.
Research subjects currently undertaken in our department are listed below.
Surface chemistry of biomedical materials
Protein adsorption, complement activation, cell adhesion are involved in the initial reactions against man-made
materials with living bodies. It is necessary to elucidate these mechanisms in relation to the surface properties so
as to rationally design biocompatible surfaces of synthetic implants. Most of information on the biological reactions
against artificial polymeric materials has been accumulated from studies with polymeric materials. However, poly-
mer surfaces could not be assumed rigid and immobile at equilibrium. The polymer molecules in the vicinity of the
surface or interface would exhibit motion and relaxation in response to the different interfacial environments. Thus,
it is difficult to prepare model surfaces using polymeric materials for studies of protein adsorption and cell adhesion.
Self-assembled monolayers of alkanethiols formed on a gold thin film provide well-defined model surfaces suitable
for studies on interfacial phenomena and intermolecular interactions. The surface plasmon resonance technique
can be applied to analyze the interfacial phenomena under water. We have been studying protein adsorption, com-
plement activation, and cell adhesion on well-defined surfaces made of self-assembled monolayers using the surface
plasmon resonance technique as well other analysis techniques highly sensitive for interfacial molecular events.
Polymeric materials for cell transplantation therapy
Islets of Langerhans have been transplanted to treat insulin-dependent diabetes patients. Adult pancreatic β
cells are known to have a poor growth capacity. Islets containing β cells from cadaver donors or animals should be
employed. In bioartificial pancreas, islets are encapsulated into a semi-permeable membrane and then implanted
into the diabetic patients to protect them from immune rejection. The semi-permeable membrane permits permea-
tion of oxygen and nutrient which are necessary for islet survival, but prohibits contact of islet cells with compo-
nents of the host immune system. We encapsulated islets into agarose-based microbeads and induced normaliza-
tion of blood glucose levels of diabetic recipient mice by implanting 1000 microencapsulated hamster islets into the
peritoneal cavity.
Several research groups showed that transplantation of neural stem cells(NSCs)or NSC-derived progenitors to
the site of lesions was effective for structural and functional restoration of the central nervous system. However,
clinical applications of NSC further require methodological advances especially for controlling the engraftment,
proliferation, migration, and differentiation of NSCs. Our approach is to construct composite biomaterials that con-
sist of extracellular matrix(ECM)components and signaling molecules such as growth factors and cell adhesion
molecules. We are employing genetic engineering to design rationally such composite biomaterials.
Cell processing technology for regenerative medicine
Cells and ECMs are important components for regenerative medicine. In recent years, many research groups
have devoted enormous efforts to establish in vitro culture conditions in which stem cells, such as ES cells and tis
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sue-derived stem cells, differentiate into various functional cells. Those cells are expected to be very useful for
treatment of various diseases. Many kinds of stromal cells have been used to differentiate stem cells to functional
cells. However, most of stromal cells preferentially used are derived from mice. Some authorities who are in charge
of regulatory issue have pointed out the difficulty to rule out the possibility that retrovirus incorporated in mouse
gene will be activated and transferred to stem cells and functional cells derived from stem cells. One of our re-
search activities is focused on the development of stromal cell free culture systems used for the induction of ES
cells to various functional cells. ES cells cultured on the substrate, onto which bioactive molecules isolated from
stromal cells, are immobilized effectively differentiated to dopaminergic neurons.
Conventional cell culture substrates are not always suitable for cells used for regenerative medicine. Neurons
differentiated from ES cells in vitro are very difficult to be collected from a cell culture flask without deterioration
of cell functions, because long axons from neurons are easily damaged during detachment of neural cells from the
cell culture substrate. Cell sheets but not single cells are needed in some instance, such as regeneration of a skin
and a mucous membrane. We have been examining a film of cellulose derivatives for a cell culture substrate. Cells
cultured on it are removed by cellulose-degrading enzyme, cellulase, without damaging cells on the substrate.
Cell chips for high-throughput functional screening
Transfectional array : Functional characterization of human genes may be one of the most challengeable tasks
in the post-genome era. Due to a huge number of novel genes discovered in genomics, high-throughput methods
are required to express or silence in parallel thousands of genes in living cells. The objective of our study is to fabri-
cate transfectional arrays through patterning of self-assembled monolayers on a gold substrate and the subsequent
site-specific spotting of different expression vectors or short interfering RNAs.
Antibody array : Recent progress in stem cell research provides us with promising options of cell sources for
use in tissue engineering. However, insufficient knowledge about specific surface antigens expressed on most of
stem cells limits their application in regenerative medicine. To solve this problem, we developed a high-throughput
analytical method for typing multiple membrane proteins. Our method is based on solid-phase cytometry using an
antibody array prepared on a patterned alkanethiol monolayer.
ECM array : Arrays that display a panel of biologically-active substances on a flat plate are promising due to
their potential use in functional screening over multiple samples in a parallel fashion. We developed cell-based ar-
rays that displayed combinatorially various ECM-growth factor composites and used them for parallel and rapid
screening biomaterials that serve to maintain NSCs and direct the differentiation of NSCs.
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ん断応力のみを負荷して，hMSCs が血管内皮細胞の表現型に向かう可能性ついて検討した．hMSCs に 2Pa のせ
ん断応力を 2日間に亘って負荷し，その後 5日間静置培養した．その結果，細胞間接着部位に内皮細胞特有のマー
カーであるVE－カドヘリンとCD31 の発現を蛍光顕微鏡下に明瞭に観察した．また，ウェスタンブロットによっ








Studies in our laboratory have been carried out to elucidate the mechanosensing mechanisms of morphological
and functional changes of cells exposed to mechanical forces. We have studied the mechanisms mainly focusing on
vascular endothelial cells which locate at the innermost layer of vessel wall and are always exposed to shear stress
by blood flow, to tensile/compressive stress by vessel deformation and to hydrostatic pressure by blood pressure.
Although endothelial cells have been well investigated from the point of view of mechanobiology by many re-
searchers, the details of the mechanisms are not clear yet. How do external mechanical forces transmit to the
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Fig. 1 vWF (a), VE-cadherin (b), and CD31 (c) staining in hMSCs cultured under static conditions (control) or exposed to shear
stress (SS) of 2 Pa for 2 days with subsequent culture for 5 days. Staining of ECs cultured under static conditions is shown
as a positive control (P). DIC, differential interference contrast ; blue, nuclei ; red, vWF, VE-cadherin, or CD31. The flow di-
rection is from left to right. Bars = 50 µm.
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mechano-sensors such as focal adhesions and nucleus? We have clarified the state of deformation and strain in an
actin stress fiber using cell imaging technology by confocal laser scanning microscopy. We have examined in detail
mechanical characteristics of actin filaments. Recently we have also considered the effects of shear stress due to
the flow on the function and differentiation of cells of mesenchymal stem cells. In this report, I introduce a part of
this research.
In addition, we have performed the development of the design theory for intravascular stent, elucidation of the
rupture mechanism of aortic aneurysm as well as research on the contractile properties of cultured myotubes from
the point of view of biomechanics.
High-level Shear Stress Stimulates Endothelial Differentiation and VEGF Secretion by Human Mesenchymal Stem
Cells
Growing experimental evidence suggests that mechanical stimulation plays important roles in determining the
proliferation, migration, and apoptosis of human mesenchymal stem cells (hMSCs). We have studied that shear
stress stimulates hMSCs toward an EC phenotype in the absence of chemical induction. Most importantly, fluores-
cence microscopy clearly demonstrated for the first time that the distributions of endothelial-specific markers, vas-
cular endothelial (VE)-cadherin and CD31, in hMSCs were similar to those of ECs at cell-cell adhesion sites after ex-
posing hMSCs to a shear stress of 2 Pa for 2 days with subsequent static culture for 5 days (Fig.1). Western blot
analysis proved that shear stress of 2 Pa significantly induced protein expression of von Willebrand factor (vWF),
VE-cadherin, and CD31. However, an unclear expression of the endothelial-specific markers was observed in the 0.2
Pa shear stress group. In addition, there was a cumulative production of vascular endothelial growth factor (VEGF),
which is known to induce endothelial differentiation of MSCs. By exerting shear stress of 2 Pa on hMSCs for 2 days
with subsequent culture for 5 days, the production level of approximately 2-fold compared with that of the control
group was achieved. Our findings suggest that high-level shear stress can induce VEGF production and EC differ-
entiation from hMSCs. This may provide a means for addressing the cell sourcing issue for effective tissue engi-
neering.
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に 2の n乗＝2, 4, 8, 16...個からなり，分裂の際に細胞質分裂が完了せず姉妹細胞（更に，いとこ，またいとこ，，，）が
連結したまま残ったものと考えられた．1971 年には，「As 細胞こそが幹細胞であり，合胞体は全て不可逆的に分
化する」とする「As モデル」が提案された（図 1）．固定標本から細胞の運命を知ることは原理的に不可能である
図 1 As モデル．As のみが幹細胞で，合胞体は不可逆的に分化に方向付けられている．
Figure1 The “As model”. Asingle (or As) is the only cell type that acts as stem cells, while interconnected syncytia are thought to be










こと，など，新規の知見を見出してきた（Nakagawa et al., Dev. Cell 2007 ; Yoshida et al., Science 2007 ; Nakagawa












図 2 GFRα1陽性精原細胞．精細管のホールマウント蛍光免疫染色像．下パネルには，As 細胞および合胞体（Apr，Aal-4）を示す．
スケールバーは 50μm．
Figure2 GFRα1+ spermatogonia. Immunofluorescence for GFRα1 in whole-mount seminiferous tubule specimen. Lower, higher
magnification of GFRα1+ As and syncytial (Apr and Aal−4) spermatogonia. Bars, 50μm.
















Prof. Yoshida was appointed as a visiting professor of Institute for Frontier Medical Sciences, Kyoto Univer-
sity in April 2013. The aim of this department is to reveal the cellular identity and behavior of tissue stem cells, a




Figure3 A proposed stem cell dynamics. GFRα1+ spermatogonia comprise a single stem cell pool, in which cells continually and
reversibly interconvert between states of As, Apr and Aal spermatogonia through incomplete cell division (rightward black




tiation. By knowing the nature of ‘tissue stem cells’, it is expected to contribute to the regenerative medicine by
proposing a novel strategy of the stem cell control. In particular, this department is focusing on the mouse sperm
stem cells.
Background : Spermatogenesis in the testis is one of the most actively turning-over tissues in mammalians, as well
as hoemopoietic, gastrointestinal, and epithelial cells. A typical stem cell system is believed to support the long-last
ing spermatogenesis spanning the entire longevity. However, like other stem cell-supported systems, little is
known about he cellular nature and the behavior (how to balance the self-renew versus differentiation) of stem cells.
In 1960s to 70s, through the in-depth investigation of fixed specimen, it was discovered that the undifferenti-
ated spermatogonia (spermatogonia are the mitotically dividing cells before entering into meiosis) observed in
mammalian testis constitute both Asingle or As cells that are singly isolated, and syncytia including 2n cells (viz. 2, 4, 8,
16 cells etc.). It was reasonably postulated that such syncytia are formed as a result of incomplete divisions through
which mitotic daughters (then cousins, second-cousins and so on) remain interconnected. In 1971, so called the “As
model” was proposed, which indicate that As spermatogonia equal to the stem cells, while syncytia are believed to
be all irreversibly committed to differentiation. This theory has become prevailing, although it is theoretically im-
possible to know the cellular fate behavior from fixed specimen only.
By developing experimental systems that allow one to analyze cell behavior over time (viz. live-imaging and
pulse-labeling), Yoshida has been investigating the in vivo behavior of undifferentiated spermatogonia under the
context of undisturbed testis tissue. This is on the basis of identification of genes showing specific expression in As
and immature syncytia. As a result, we discovered a number of characteristic features of this population such that
1) syncytial spermatogonia, which have been thought to be irreversibly committed to differentiation, occasionally
fragment and give rise to As cells, that 2) “reversion” of usually differentiating cells becomes frequent under regen-
eration following tissue insult, and that 3) the stem cell populations show preferential localization to vasculature
network, and that 4) stem cells continually replace with each other showing short longevity less than two weeks in
average (Nakagawa et al., Dev. Cell 2007; Yoshida et al., Science 2007; Nakagawa et al., Science 2010 ; Klein et al.,
Cell Stem Cell 2010). These findings have thrown doubt on the “As model”, reviving it as an important question to
ask for the true stem cell dynamics in this system.
Activity in 2013 : We have analyzed the behavior of GFRα1+ spermatogonia (which has been postulated to act as
the stem cells) in the undisturbed testis at a single-cell resolution, taking advantages of live-imaging an pulse-label
ing strategies.
From live-imaging study, we discovered that 1) the population of GFRα1+ cells continue to produce differenti-
ating cells while maintaining their own population. However, 2) the individual GFRα1+ cells’ behavior was revealed
to be highly variable between clones: in some clones all the descendants differentiated and left the stem cell com-
partment, while in others, multiple stem cells were generated. This indicates the dynamics of “stem cell population
asymmetry”, in which the balance of self-renewal and differentiation is achieved at the level of cell population,
rather than at the level of individual cell division.
Then, live-imaging study uncovered that 3) eventually 100% of the As cell divisions were incomplete giving
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rise to two-cell syncytia (Apr cells). On the other hand, 4) the syncytia were observed to fragment into As and
shorter chains at an unexpectedly high frequency comparable to that of cell division. Therefore, it is suggested that
cells continually interconvert between As and syncytial states, making a stark contrast to the “As model”.
Further, these quantitative data of cell behaviors were analyzed making use of mathematical and statistical
analyses, in collaboration with Prof. Benjamin Simons of Cambridge University, UK. The results raised the novel
paradigm that As and syncytial GFRα1+ spermatogonia constitute a single stem cell pool in which cells continually
and stochastically interconvert these seeming heterogeneous, but equipotent, states (Figure 3 ; Cell Stem Cell in
press).
Perspectives : These results propose a novel paradigm of mammalian spermatogenic stem cell dynamics, which
challenges the “As model”. Future experimental evaluations of the solidity of these models are very much war-
ranted to get closer to the true nature of the stem cells. Generally in view of the recent stem cell biology, a rapid
progress is emerging from the single-cell level lineage analysis in tissues including mouse intestine, skin, or other
epithelial tissues, and fruitfly gut and gonads. This study on the mouse spermatogenesis, we believe, is one of the
pioneering studies that open the new view in today’s stem cell biology.
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障害となる．メラニン合成阻害剤 PTU（1－phenyl 2－thiourea）処理も有効であるが，受精後 3～4日より出現す
る他の色素の出現は抑制することはできない．そこで本分野では，成魚でも体の内部構造が観察可能な透明変
異体 casper（White et al., Cell Stem Cell, 2008）の使用を検討した．casper は神経堤細胞由来の全ての色素細胞を
欠く変異体で，体色以外に目立った表現型は報告されていない（図 2）．我々は血管がGFPで可視化されたト
ランスジェニックゼブラフィッシュと casper を交配し，これまで観察できなかった成魚の血管系のライブイ


















We are interested in molecular and cellular mechanisms of organ development and regeneration, especially
from an aspect of cell-cell interactions required for morphogenesis and their spatial and temporal regulation. Our
research is now focusing on following topics : (1) molecular mechanisms of skeletal myogenesis and muscle regen-
eration, and (2) regulatory roles of ADAM (A Disintegrin And Metalloprotease) family proteins in cell-cell interac-
tions and the ectodomain shedding during development.
図 2 ゼブラフィッシュ成魚の体色の比較
A：野生型．B : casper 変異体
図 3 血管可視化 casper 変異体の蛍光実体顕微鏡像
A：孵化後 1ヶ月の全身蛍光像．B：頭部血管の背面像．C：背部血管の側面像




(1) Molecular mechanisms of skeletal myogenesis and muscle regeneration
Adult skeletal muscle stem cells (MuSCs), the major cellular source for skeletal muscle regeneration, are kept
cell cycle arrested in muscle tissues except when they break the quiescence upon myofiber injury or under patho-
genic condition such as Duchenne Muscular Dystrophy. Evidence suggests that embryonic skeletal muscle pro-
genitor cells proliferate and differentiate to form myofibers and give rise to MuSCs as well, implying that their qui-
escence is acquired during development. Depletion of Dicer in adult MuSCs caused a transient increase in their
proliferation, suggesting involvement of miRNAs in the MuSC quiescence. Screening of miRNAs of which expres-
sion was increased in MuSCs during juvenile to adult phase transition enabled us to identify miRNAs that convert
juvenile proliferating MuSCs into those in quiescent states through targeting cell cycle genes. Quiescence-induced
juvenile MuSCs with those miRNAs exhibited biochemical properties of quiescent adult MuSCs, increased and de-
creased expression of Pax7 and MyoD proteins, respectively. Transplanted MuSCs treated with those miRNAs
contributed more efficiently to regenerating muscles of Dystrophin-deficient mice, suggesting potential utility of
those miRNAs in the maintenance of quiescence and stemness of MuSCs in stem cell therapies of muscle diseases.
(2) Regulatory roles of ADAM (A Disintegrin And Metalloprotease) family proteins in cell-cell interactions and the ec-
todomain shedding
We are investigating roles of ADAM19/Meltrin beta in development and regeneration of the heart and nerv-
ous system and its function as a “sheddase” and a regulator of cell-cell interactions in these developmental proc-
esses now. ADAM19 participates in the multiple processes including heart development, formation of neuromuscu-
lar junction, and Schwann cell differentiation during regeneration in mice. However, how ADAM19 regulates
Schwann cell differentiation remains elusive. In order to elucidate roles of ADAM19 in Schwann cell differentiation,
we established ADAM19-deficient zebrafish using TALEN technology. Live imaging of lateral nerves revealed
that GFP-labeled Schwann cells migrated along axons, and then, myelinated. In the absence of ADAM19, Schwann
cells migrated but frequently raptured during migration. These raptured cells were caspase-3 positive apoptotic
cells. Dying cells were also observed in lateral nerve ganglia. These results suggest that ADAM19 is involved in
the survival of Schwann cells during development. Previous studies showed that Schwann cell survival requires
Neuregulin1-ErbB signaling in mice. We confirmed that dying Schwann cells increased prominently in type-1
Neuregulin-knockdown embryos. Taken together with our previous finding that ADAM19 has an activity of the ec-
todomain shedding of type-1 Neuregulin1, we currently hypothesize that ADAM19 regulates Schwann cell sur-
vival through the ectodomain shedding of type1 Neuregulin.
【業 績 目 録】
 誌上発表 
１）原著論文
Wakatsuki, S., Araki, T., Sehara-Fujisawa, A.. Neureglin－1/Glial Growth Factor stimulates Schwann Cell Migration
by including the α5β1 integrin-ErbB2－Focal Adhesion Kinase Complex Formation. Genes to Cells, 2013.
Sakai, H., ＊Sato, T., Sakurai, H., Yamamoto, T., Hanaoka K., Montarras, D., ＊Sehara-Fujisawa, A.. Fetal Skeletal Mus-
Institute for Frontier Medical Sciences
再生統御学研究部門－７７－
cle Progenitors Have Regenerative Capacity After Intramuscular Engraftment in Dystrophin Deficient
Mice. PLoS ONE, 2013 : 8（5）：e63016.
Tanaka, A., Woltjen, K., Miyake, K., Hotta, A., Ikeya, M., Yamamoto, T., Nishino, T., Shoji, E., Sehara-Fujisawa, A.,
Manabe, Y., Fujii, N., Hanaoka, K., Era, T., Yamashita, S., Isobe, K., Kimura, E., and ＊Sakurai, H.. Efficient and
reproducible myogenic differentiation from human iPS cells : prospects for modeling Miyoshi Myopathy in





Tomomi Sato : ErbB Signaling Regulates Generation of Neurons during Development of the Optic Tectum in Ze-
brafish. The 23rd CDB Meeting ”Building multicellular systems from cellular cross-talk”（2013.1.22．兵庫県）
西邨大吾：Roles of ADAM8 for skeletal muscle regeneration. 5 拠点ミーティング（2013.2.4．兵庫県）
佐藤貴彦：骨格筋幹細胞の形成に関与する転写後調節機構，5拠点ミーティング（2013.2.4．兵庫県）
Tomomi Sato : NRG1－ErbB Signaling Regulates Generation of Neurons in the Optic Tectum of Zebrafish during





Anna Tomosawa, Atsuo Iida, Atsuko Sehara-Fujisawa : A transmembrane metalloprotease ADAM10a regulates
behaviors of primitive erythroblasts and vascular formation in zebrafish development．第 46 回日本発生生
物学会年会（2013.5.30．島根県）
Hanako Naito, Yoko Ueda, Takahiko Sato, Atsuko Sehara-Fujisawa, Masasuke Araki : Amphibian retinal regenera-
tion is triggered by matrix metalloproteinases．第 46 回日本発生生物学会年会（2013.5.30．島根県）
Takahiko Sato, Takuya Yamamoto, Atsuko Sehara : The investigation of post-transcriptional process to form adult





飯田敦夫：ゼブラフィッシュを用いたADAM10 プロテアーゼ遺伝子の解析，日本発生生物学会 2013 年秋期シン
ポジウム（2013.11.18．兵庫県）
2）講演・シンポジウム









Fuminori Sato, Hiroyuki Kangawa, Hiroyuki Arai, Kazuya Tsumagari, Atsuo Kawahara, Koichi Kawakami, Atsuko
Sehara-Fujisawa : Roles of ADAM Proteases in Development of zebrafish. the 8th General Meeting of the
International Proteolysis Society（2013.10.23．Cape Town, South Africa）
Atsuko Sehara-Fujisawa: exploring Roles of ADAM Proteases Using Zebrafish. Swiss-Kyoto Symposium（2013.11.21．
Zurich, Swiss）
Atsuko Sehara-Fujisawa : exploring Roles of ADAM Proteases Using Zebrafish．国立台湾大学－京都大学シンポ
ジウム（2013.12.20．台北市，台湾）




分野主任 教授 河本 宏
Prof. Hiroshi Kawamoto













































Fig. 1 Simulation of HSC differentiation in a model assuming a mosaic environment for the commitment of primitive pro-
genitors recapitulates the clinical observation.
A. A model assuming that the bone marrow microenvironment is heterogeneous in supporting the commitment of progeni-
tors. A certain range where the commitment of progenitors mainly occurs is termed the “commitment sphere”. Area col-
ored by beige, pink, light green, or blue represents the environment supporting commitment only towards myeloid (M),
erythroid (E), B or T, respectively. If a HSC happens to reside in a location in which the commitment sphere contains
only M and E regions, then this HSC can eventually produce only M and E cells, even if committed progenitors expand
enormously and become widely scattered.
B. Frequency of clone types bearing GPI-APs− cells in a total of about 100 patients.
C. One example illustrating the frequency of clone types simulated in a mosaic pattern shown in (A). A total of 100 virtual
HSCs were simulated to form hematopoietic clones, and numbers of the resulting clone types are illustrated. The simu-
lation goes as follows : a virtual HSC undergoes several cell divisions at fixed intervals while randomly migrating. The
uncommitted progenitors then undergo a fate decision based on their ultimate location. Committed progenitors can
also randomly move around. After several additional fixed time cell divisions as committed progenitors, cells become
mature. Note that similar types of clones to clinical samples shown in (B) are recapitulated in the simulation.
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the process of lineage restriction from multipotent hematopoietic stem cells to unipotent progenitors. A series of
studies from our laboratory on early hematopoiesis have led to a fundamental redefinition of lymphoid progenitors
as well as the ontogeny and phylogeny of T- and B-cell development. We thus have proposed our original model of
hematopoiesis, namely “myeloid-based model”, in which myeloid potential is retained along with specification path-
way towards erythroid, T, and B cell lineages. Among various events occurring during hematopoiesis, we are
mainly focusing on the process towards the production of T cells. In 2013, we have published one paper that has fo-
cused on the dynamics of hematopoietic stem cells in human bone marrow in collaboration with Kanazawa Univer-
sity. Here we introduce this study.
Individual hematopoietic stem cells in human bone marrow of patients with aplastic anemia or myelodysplastic syn-
drome stably give rise to limited cell lineages
Mutation of the PIG-A gene in hematopoietic stem cells (HSCs) results in the loss of glycosylphosphatidylinosi-
tol-anchored proteins (GPI-APs) on HSCs, but minimally affects their development, and thus can be used as a clonal
maker of HSCs. We analyzed GPI-AP expression on six major lineage cells in a total of 574 patients with bone mar-
row (BM) failure in which microenvironment itself is thought to be unaffected, including aplastic anemia (AA) or
myelodysplastic syndrome (MDS). GPI-AP-deficient (GPI-APs-) cells were detected in 250 patients. Whereas the
GPI-APs- cells were seen in all six lineages in a majority of patients who had higher proportion (>3%) of GPI-APs-
cells, they were detected in only limited lineages in 92.9% of cases in the lower proportion (<3%) group. In all 250
cases, the same lineages of GPI-APs- cells were detected even after 6－18 month intervals, indicating that the GPI-
APs- cells reflect hematopioesis maintained by a self-renewing HSC in most of cases. The frequency of clones with
limited lineages seen in mild cases of AA was similar to that in severe cases, and clones with limited lineages were
seen even in two health volunteer cases. These results strongly suggest most individual HSCs produce only re-
stricted lineages even in a steady state. While this restriction could reflect heterogeneity in the developmental po-
tential of HSCs, we propose an alternative model in which the BM microenvironment is mosaic in supporting com-
mitment of progenitors towards distinct lineages. Our computer simulation based on this model successfully reca-
pitulated the observed clinical data (Figure 1).
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We are developing a cell replacement therapy for the neurological disorders by using stem cells, especially em-
bryonic stem cells (ESCs) and induced pluripotent stem cells (iPSCs). The main target is Parkinson’s disease, and
our research focuses on induction of dopaminergic (DA) neurons from these cells and transplantation of the cells
into the brain to improve neurological symptoms. So far, we have demonstrated that transplantation of monkey
ESC-derived neurons improved the Parkinsonian symptoms of the monkey models. In addition, we have revealed a
method to prevent tumor formation. Now, we are inducing DA neurons from human ESCs and iPSCs, and develop-
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ing a safe and efficient method for clinical application of these cells.
In 2013, we have reported the results of direct comparison of the autologous and the allogeneic transplantation
in the brains of non-human primates. We demonstrated that the autologous transplantation of iPSC-derived neu-
rons elicited only a minimal immune response in the brain. In contrast, the allografts caused an acquired immune
response with the activation of microglia (IBA-1+/MHC-class2+) and the infiltration of leukocytes (CD45+/CD3+).
Consequently, a higher number of dopaminergic neurons survived in the autografts. Our results suggest that the
autologous transplantation of iPSC-derived neural cells is beneficial for minimizing the immune response in the
brain compared to allogeneic grafts.
We have also attempted to modify the host environment and investigated whether the simultaneous admini-
stration of soluble factors can improve the survival and differentiation of murine iPSC-derived DA neurons in host
図 1 カニクイザル iPS細胞由来ドパミン神経細胞の自家・他家移植直接比較
自家移植では免疫抑制なしでも免疫反応は起こらずドパミン神経細胞の生着は良好であった．他家移植では免疫反応が認められ
たが，すべての細胞が拒絶されるほど強いものではなかった．
Fig. 1 Direct comparison of the autologous and the allogeneic transplantation of iPSC-derived neurons in primates.
The autologous transplantation of iPSC-derived neurons elicited only a minimal immune response in the brain. In contrast, the al-





Fig. 2 Analyses of iPSC-derived midbrain DA neurons in animals treated with VPA, ZNS or E2.
Representative immunohistologic images of grafts containing midbrain DA neurons (TH=DA neuron marker, green ; FOXA2=ven
tral-midbrain marker, red). The scale bar applies to all pictures and represents 50 μm. A graph shows a comparison between each
group for the number of FOXA2+TH+ cells(midbrain DA neurons)per graft. The data are presented as the mean ± SD. (*P< 0.05, **
P< 0.01 ; n=8 control, n=6 VPA, ZNS, E2)
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brains. With the goal of applying this technology in clinical settings in the near future, we selected drugs that were
already approved for clinical use. The drugs included two commonly used anticonvulsants, valproic acid (VPA) and
zonisamide (ZNS), and estradiol (E2), also known as biologically active estrogen. Immunofluorescence studies re-
vealed that VPA and ZNS increased the number of TH+FOXA2+ midbrain DA neurons, suggesting that the sys-
temic administration of VPA and ZNS may improve the efficiency of cell replacement therapy using iPSCs to treat
PD.
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臣諮問委員会に申請し，平成 19 年 11 月 25 日国内初の承認を受けた．平成 20 年 2 月 5 日に第一例の治療を開始し，
平成 21 年 12 月末までに 15 例の治療を施行した．大腿骨頭壊死症例 10 例に関しては全例術後 2年経過時点の評価
が終了し，良好な成績が得られており，その結果に基づいて，先進医療への申請を計画している．
2．多能性幹細胞を用いた間葉系組織の研究
平成 19 年 11 月に山中伸弥教授らによって樹立されたヒト iPS 細胞は，無限の増殖能を有する多能性幹細胞であ




























Figure 1 Investigation for cell-of-origin of sarcomas using pluripotent stem cells. Tumor specific oncogenic alterations are intro-
duced into pluripotent stem cells（PSC）after the differentiation into each cell lineage, and the genotype and phenotype of
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的解析及び in vitro 培養系での実験結果より，この変性予防作用はMMP－13 産生の抑制を介した作用であると想
定された．これらの結果に基づき，現在Drug Delivery Systemを，繰返し投与が可能となるように改変し，外傷
性モデルによる解析を行っている． （文責 戸口田淳也）
The objectives of our department are to disclose the pathology of disorders in mesenchymal tissues at the mo-
lecular level and to develop new therapeutic modalities by understanding physiological growth and differentiation
of mesenchymal cells. Following projects are currently undertaken.
1. Researches on mesenchymal stem cells
Mesenchymal stem cells (MSC), which exist in bone marrow stromal tissues, have a potential to differentiate to
cells of various types in mesenchymal tissues. We have been working on following issues related to MSCs.
1) Regulation of growth and differentiation potential of mesenchymal stem cells
Many fundamental features of MSCs are still unknown, which are crucial for the development of regeneration
therapy using MSC as the evidence based medicine. In collaboration with the Department of Orthopaedic Surgery
in Kyoto University Hospital, we have analyzed the growth and differentiation potential of primary human MSCs.
As for the growth regulation, we found that increased expression of the p16 gene, which is a key regulator of cell
cycle, was the main cause inducing the senescence and growth arrest of MSC. We also found that the hypoxic cul-
図 2 滑膜肉腫研究に対する応用．滑膜肉腫特異的な融合遺伝子である SS18－SSX遺伝子を，薬剤誘導型発現ベクターを用い
て多能性幹細胞に導入した．薬剤添加により融合遺伝子の発現が誘導され（A, mRNA ; B，タンパク質），発現細胞（mCherry
陽性細胞）がコロニーより遊走することが確認された．更に下流遺伝子である FZD10や IGF2の発現が誘導された（D）．
Figure 2 Application for the research of synovial sarcoma (SS). SS-specific fusion oncogene, SS18−SSX, was incorporated into
the drug-inducible expression vector and introduced into PSCs. By the treatment with the drug, SS18−SSX was induced
at mRNA (A) and protein (B) level, and cells expressing SS18−SSX (labeled red by mCherry in C) started to migrate from
colonies. The expression of down-stream genes was also induced (D).
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ture condition inhibited the upregulation of the p16 gene, and retained MSCs in the senescence-free state with mul-
tidirectional differentiation properties. We also found that hypoxia down-regulated the activity of ERK, which, at
least in part, involved in the down-regulation of the p16 gene. We are currently investigating the effects of nutri-
ents in the culture media.
2) Clinical trial of the new treatment for osteonecrosis using MSC
As the clinical application of MSC, we have engaged in the development of cell transplantation therapy for os-
teonecrosis. Based on the results obtained by the animal experiments using dogs, we established the protocol for
the clinical trial in collaboration with Center for Cellular and Molecular Therapy in Kyoto University Hospital,
which followed the guideline for the clinical trial using somatic stem cells issued by the the Ministry of Health, La-
bour and Welfare (MHLW). After the examination of ethical committee of Kyoto University and MHLW, our proto-
col was approved on November 25, 2007, and the first case was registered on November 31, 2007. Since then 15
cases have been treated until the end of December 2010. All of 10 cases of femoral head necrosis were followed at
least 24 months, showing satisfactory results. Based on the data of this intermediate evaluation, we are going to
submit this method as an advanced therapy for MHLW.
2. Researches on pluripotent stem cells
Human iPS cells, which were established by Prof. Shinya Yamanaka on November 2007, are pluripotent stem
cells with unlimited growth potential, and promising materials to apply for a variety of medical fields. We have
been engaging the research related to iPS cells as members in the Center for iPS Research and Application, Kyoto
University. So far we found that the clonal difference of iPS cells were derived from the difference donor using ge-
netically matched iPS cells established from different tissues of same donors. Followings are current on-going pro-
jects.
1) Investigation for the cell-of-origin in sarcomas using pluripotent stem cells
Sarcomas are malignant tumors developed in mesenchymal tissues and consisted of tumors with a A number
of recent reports suggest that cancer cells are derived from stem cells in each tissue. Therefore MSC can be cell-of-
origin of sarcomas, which are malignant tumors developing in mesenchymal tissues. Also MSC can be tumor-initiat
ing cells of sarcomas, which are highly tumorigenic and resistant to chemotherapeutic drugs. In other words, mark-
ers for sarcoma initiating cells can be used to identify MSC among stromal cells. We are currently focusing of p75
NGFR, which is expressed on both MSC and osteosarcoma, a representative sarcoma derived from bone marrow
stromal cells.
2) Approaches for intractable musculoskeletal diseases using disease-specific iPS cells
In most of cases, the pathophysiology in hereditary musculoskeletal diseases are still to be investigated and no
effective treatments are available. Using the advantage that iPS cells can be established from particular individuals,
a number of disease-specific iPS cells have been established and used to understand the disease and discover the
drugs. We are also employing this approach for several intractable bone and cartilage diseases.
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3) Regenerative medicine using iPS cell-derived mesenchymal cells
Cell therapy using iPS cell-derived differentiated cells is one of the important applications of iPS cells, and we
are aiming to develop cell therapy for cartilage diseases in collaboration with Prof. Tsumaki in CiRA.
4. Application of agonist for the PGE2 receptors for the articular cartilage repair
In addition to the development of cell therapy, it is also important to develop the in situ treatment using drugs
or small molecular materials. We have focused on prostanoids, which belong to physiological active materials, and
applied receptor agonists for the regeneration therapy. First we focused on EP2, which is one of four types of
prostaglandin E2 receptor, and reported that the agonist specific to EP2 stimulated the growth of mouse and hu-
man chondrocytes extracted from articlular cartilage. Based on these results, we have performed the in vivo ex-
periments using rabbits. At first, we created the osteochondral defects and investigated the effect of EP2 agonist
for tissue regeneration. As a result, in combination with appropriate drug carriers, EP2 agonist enhanced the carti-
lage regeneration in vivo, and contributed to reconstruct the osteo-chondral boundary, which is important factor to
maintain normal structure of articular cartilage. Next, we created traumatic degeneration model by the dissection
of anterior cruciate ligament and partial resection of medial meniscus and found that administration of EP2 agonist
prevented the degeneration of articular cartilage dose-dependently. Immunohistochemical analyses and in vitro ex-
periments suggested that the preventive effect of EP2 agonist is through the inhibition of MMP-13 expression,
which is one of major protease to break cartilage matrix. Based on these results, we created new drug delivery sys-
tem which allows repetitious administration and now are investigating the effect for traumatic degeneration model.
Preliminary results suggested that this receptor-specific agonist is a promising molecule for clinical application.
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移植効果増強の研究を開始し，当該遺伝子の knock-down や knock-out マウスの分離膵島などを用いて有望な結果
を得つつある．また，マウスES細胞から β細胞を効率的に分化誘導する研究では，分化初期の definitive endoderm






が in vitro で長期にインスリン分泌能を維持するとともに移植効果も良好であるとの結果を得て発表した．今後は
このような細胞を用いた細胞塊形成による機能向上と PVAマクロカプセル化による免疫隔離などを組み合わせて，
新しい糖尿病治療法の実現を目指して研究を展開する予定である．
Our final goal is to establish regenerative medicine for diabetes mellitus, which should be a safe and effective
therapy available whenever and wherever required for a growing number of diabetes patients world-wide. Major
fields of our research are studies on bioartificial pancreas toward clinical application, search for novel cell sources
applicable to diabetes therapy utilizing wide range of cells including various stem cells, and developmental re-
search upon technologies to accomplish these studies.
In severely diabetic patients, pancreas or islet transplantation is indicated, if good control of blood glucose lev-
els is not available. However, donor shortage and complications due to immunosuppressive therapy are inevitable
problems of allo-transplantation. In addition, although the long-term outcome of islet transplantation is becoming
better due to improved immunosuppression, donor shortage and adverse effects of immunosuppression remain ma-
jor problems. Therefore, current transplantation therapies are still far from our dream. In such circumstances,
much expectations are placed on regenerative medicine for diabetes mellitus.
In order to develop regenerative medicine for diabetes mellitus, there are several different approaches such as
enhancement of patient’s own islet regeneration, auto- or allo-geneic islet-like cells differentiated from somatic, em-
bryonic or induced pluripotent stem cells in vitro and xeno-geneic islets isolated from the pancreas of animals e.g.
pigs. However, as long as non-self cells are used and even autologous cells are used to type-1 diabetes that has auto-
immune background, efficient immunosuppression should be required. In order to avoid it, we are diligently study-
ing bio-artificial pancreas, in which islet cells are encapsulated by several kinds of semi-permeable membrane or
hydrogel and thereby protected from host immune responses. In fact, clinical trial of micro-encapsulated porcine is-
lets are ongoing in a few foreign countries, showing certain beneficial effects. However, micro-encapsulated islets
do not allow complete retrieval, which may lower the safety level.
We have established isolation method of porcine pancreatic endocrine cells as well as rat islets. Using these is-
lets, we have successfully shown the efficacy of several macro-devices of bio-artificial pancreas. In contrast to micro
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-encapsulation, macro-devices are retrievable and exchangeable, which is important advantage toward clinical ap-
plication. In our past studies, mesh-reinforced polyvinyl alcohol (PVA) tube and bag, rod-shaped device of agarose
containing polystyrene sulfonate, anti-complement substance, and so on were investigated in allo- and xeno-geneic
situations. We have also shown that the subcutaneous site pretreated for angiogenesis can be successfully used for
transplantation site of these devices, leading to long-term normalization of blood glucose levels in diabetic mice. Re-
cently we developed a novel method to make a sheet-shaped PVA-macroencapsulated islets by a combination of
the freezing technique of islets and the phenomenon that PVA solution becomes gel by freezing and thawing.
Briefly, islets are suspended in islet freezing solution containing PVA and this viscous solution is molded into a
mesh-reinforced sheet and then frozen. This method enables us to make a device of any size with any shape that
may be applicable to bigger animals and humans. PVA-macroencapsulated islets are unique cryo-preservable bio-
artificial pancreas that allows easy shipping, accumulation and quality-control of the device, which is suitable for
clinical usage.
In the year 2012, we started a collaborative study with Dr. Rieko Ohki (National Cancer Center Research Insti-
tute) on the effect of knock-down of X, a novel tumor-suppressor gene found in endocrine tumors of the pancreas
and lung, on fragility and transplantation efficacy of islets. We also performed in vitro experiment in mouse ES cells
and studied the roles of activin in early differentiation toward definitive endoderm and a part of this study was pre-
sented in an academic meeting. We have already found that formation of cell cluster of MIN6 cells enhances islet
specific gene expression, more physiological glucose-insulin response curve and more rapid insulin release in re-
sponse to glucose stimulation. In order to investigate the effects of cluster formation in transplantation, we started
another study on the novel culture surface to develop high-thoughput methods of cell cluster formation and are
making good results. We have established a method of cell fusion between islet cells and mesenchymal stem cells
and obtained results suggesting that such cells show persistent insulin-release in vitro and more efficient after
transplantation. This study was published in 2013. We are attempting functional improvement by cell cluster for-
mation of these in vitro processed cells toward realization of new diabetes therapy in combination with PVA-macro
encapsulation technique.
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臓器再建応用分野
Department of Bioartificial Organs
准教授 中村 達雄
Assoc. Prof. Tatsuo Nakamura
【研 究 概 要】





体内再生 in situ Tissue Engineering です．すなわち，自己の細胞が増殖，分化できる適切な足場を体内に与えるこ
とによって，損傷を受けた自己の臓器が本来の構造と機能を再生出来るようにしています．研究の方法としては，


























に応用するものです．このような生体内再生“in situ Tissue Engineering”は世界に先駆けて我々が提唱してきた方
法であり，人工気管や人工神経などはすでに臨床応用され，これによって救われる患者さんの数も着々と増えてき
ています．この新しい技術は 21 世紀の医療の中心的柱になるものと考えています．
In situ Tissue Engineering : We have devised a completely new approach to the development of artificial or-
gans. The main procedure using tissue engineering for tissues and internal organs involves the removal of the cell
component from auto- or allo-organs to obtain only the extracellular matrix, so-called refined extracellular matrix
(ECM)and reconstitutes the solid structure from the extracted collagen. This ECM or reconstituted structure is
then employed as scaffolding, which after implantation into the patients is used for the regeneration or re-differen
tiation of tissue. Organs made of self-cells thus regenerate. Organs that regenerate in this manner not only possess
highly differentiated tissue structures, but also show functional recovery, because all the cells are derived from the
patients themselves. Whether or not our new method is practicable will depend mainly on the intrinsic regenera-
tion capacity of each tissue. Up to now, in higher mammals including man, it has been believed that highly differen-
tiated organs lose their ability to regenerate. We consider that mammals do not, in fact, lose this potential, and that
the potential is hidden by excessively rapid wound healing around the failing tissues. In this sense, if we can pro-
vide good conditions using refind ECM, we can induce this hidden potential even in higher mammals. We have al-
ready carried out succeessful trials at regenerating peripheral nerves, the esophagus, the trachea, and blood ves-
sels with this method. A similar method is also applicable to other soft tissue organs such as the liver, heart, and
lung, as well as the spinal cord. These results will be welcomed by patients who are dependent on palliative life-sup
port systems, or transplantation candidates who are waiting for suitable donors. An additional benefit is that pa-
tients will be freed from the side effects of immunosuppressive drugs. The judgment of the brain death can then be
discussed separately from the issue of transplantation, and will become a personal problem. Further more, this new
approach help to reduce ever-expanding medical costs, which are in danger of destroying our health insurance sys-
tem in the near future.
No study based on these concepts has ever been done either in Japan or abroad. In this sense, our pioneering
work is expected to be a major area of medical science for the coming generation.
Strategy and targets of our study
The target organs currently being considered for this development project are the heart, heart valves, esopha-
gus, stomach, intestine, gallbladder, trachea, lung, liver, kidney, peripheral nerves, spinal cord, cornea, tendons, liga-
ments, cartilage, bone, fatty tissue, periodontal tissue, and permanent teeth. We plan to employ the two majour
methods as described below.
ECMMethod
To obtain the purified extracellular matrix, cell components are completely removed from homo or allo-organs.
The solid structure is reconstituted from the ECM and extracted collagen. Growth factors are then applied to facili-
tate cell proliferation. Then this ECM-collagen-growth factor composite is implanted into the living body as a tem-
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porary scaffolding for new organ regeneration. Besides this, bioabsorbable materials will also be applied instead of
purified ECM as a bulk structure for organ regeneration. Both extracted collagen and growth factors are should fa-
cilitate cell proliferation and cell redifferentiation, leading to regeneration of organs completely composed of cells
derived from patients.
In situ Tissue Engineering and Field theory
Cells (or living tissues) of patients are complexed(mixed)with purified ECM or bioabsorbable material. Using
this complex, reconstruction of the failing tissues or organs will be attempted. Mesenchymal stem cell(MSC)ob-




Artificial Trachea has been developed in our group more than 30 years. Since 2002 it was clinically applied to the patients. These
figures are new type of our artificial trachea composed of bio-absorbable material and collage. The tracheal wall is designed to be
replaced with host tissue.
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大阪）
立元将太，里上直衛，野橋智美，佐藤文恵，森澤信子，谷掛雅人，藤本良太，早川克己，瀬戸瑠里子，宮原 亮，
河野文彦：胸腔鏡下肺生検にて診断された網谷病の 1例．第 303 回日本医学放射線学会関西地方会（第 375
回レントゲンアーベント）（2013.2.2．大阪）
立川裕之，谷掛雅人，佐藤文恵，早川克己，藤本良太，正木元子，岡田 隆：IVC filter の migration を来した一
例．日本 INTERVENTIONAL RADIOLOGY学会第 33 回関西地方会（第 54 回関西 INTERVENTIONAL
RADIOLOGY研究会）（2013.2.16．大阪）
谷掛雅人，立川裕之，佐藤文恵，早川克己，藤本良太：造影剤を使用せずに IVC filter を留置する工夫．日本 INTER-
VENTIONAL RADIOLOGY学会第 33 回関西地方会（第 54 回関西 INTERVENTIONAL RADIOLOGY研
究会）（2013.2.16．大阪）
早川克己：生涯教育セミナー 症例から学ぶ/救急疾患の画像診断 婦人科救急疾患の画像診断．第 32 回日本画像
医学会（2013.2.22－23．東京）
Hayakawa, K., Yoshida, S., Tatekawa, H., Yamori, Y., Kanda, T., Yoshida, N., Hirota, H., Iwami, M., Nakamura, K. :
Functional correlation of the spastic hemiplegic patients with MR findings.25th European Congress of Radi-
ology（ECR 2013）（2013.3.7－11．Vienna）
木下香苗，伊藤禎章，古川 修，石原太輔，鵜飼將平，中村寿伸，北田久美子，早川克己，亀田佐知代，上松晃子，























2年間の CT・MRI の読影件数．第 304 回公益社団法人日本医学放射線学会関西地方会（第 376 回レントゲ
ンアーベント）（2013.6.15．大阪）
早川克己：講演 造影剤の安全性：CT検査で注意する患者とは？．岩手医科大学平成 25 年度医療安全対策講習
会（2013.7.2．盛岡）
早川克己：ミニレクチャー 造影剤腎症の最近のトピックス．第 46 回北近畿画像診断 IVR勉強会（2013.7.6．福知
山）
早川克己：特別講演 喀血の IVR．第 3回南大阪画像診断 IVR研究会（2013.7.26．大阪）
谷掛雅人，早川克己，藤本良太：症例検討 胸部心血管周産期心筋症の一例．第 72 回救急放射線画像研究会
（2013.9.13．大阪）















早川克己：特別講演 医療被曝防止の知識．第 215 回与謝医師会学術研修会兼与謝医師会医療安全講演会
（2013.10.17．宮津）





fuse Excessive High Signal Intensity の有無と予後との関係．第 8回小児神経放射線研究会（2013.10.26．京
都）
早川克己，立川裕之，岡野創造，松下浩子，塩見 梢，立元将太，里上直衛，谷掛雅人，藤本良太，黒田啓史：早
期産児における term時期のMRI による予後推定の後方視的研究．第 8回小児神経放射線研究会（2013.10.26．
京都）
谷掛雅人，山内哲司，加藤彩子，里上直衛，森澤信子，松村貴代，藤本良太，早川克己：造影CT検査における急
変の実態とシミュレーショントレーニング．第 305 回公益社団法人日本医学放射線学会関西地方会（第 377
回レントゲンアーベント）（2013.11.2．大阪）
早川克己，吉田麻里子，立元将太，山内哲司，大野文美，加藤彩子，森澤信子，里上直衛，谷掛雅人，藤本良太：
放射線科後期研修医の 2年間のUS・Angio/IVR・TV系検査の実施件数．第 305 回公益社団法人日本医学
放射線学会関西地方会（第 377 回レントゲンアーベント）（2013.11.2．大阪）
吉田麻里子，山内哲司，里上直衛，森澤信子，松村貴代，谷掛雅人，藤本良太，早川克己，山本栄司，岡本直樹：
限局性小腸拡張症の一例．第 305 回公益社団法人日本医学放射線学会関西地方会（第 377 回レントゲンアー
ベント）（2013.11.2．大阪）
早川克己：講義 発達と小児神経疾患－原点に立ち返って頭部画像検査（MRI を中心に）．第 43 回小児神経学セミ
ナ （ー2013.11.2－4．大阪）
早川克己：特別講演 造影剤の副作用のリスクマネージメント．第 76 回撮影技術セミナ （ー2013.11.14．京都）
Hayakawa, K., Tatekawa, H., Okano, S., Matsushita, H., Shiomi, K., Satogami, N., Tanikake, M., Fujimoto, R., Kuroda,
H. : Quantitative Ventriculometry for Children Using MRI.Radiological Society of North America 99th Sci-
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RNP構造が挙げられる．我々はマウス生殖顆粒の特異的な構成分子をコードする tudor 関連 Tdrd 遺伝子群の機
能解析を進めている．Tdrd 遺伝子群のノックアウトマウスを作製した所，これら遺伝子のホモ欠損個体はいずれ
も雄生殖細胞の分化に異常を示す事が明らかとなった．このうちTDRD1，9 はマウス piwi ファミリーMILI，MIWI
2 と相互作用し，雄生殖幹細胞において piRNA経路を介してレトロトランスポゾン LINE－1 の RNA，エピゲノム
DNA複製複合体に局在する N16は DNAクロスリンク修復に機能する．
（A）N16蛋白質の強制発現により PCNAと明瞭な核内の共局在が観察される，（B，C）N16ノックアウトマウス
胚より樹立した ES細胞では DNA架橋剤であるマイトマイシン C（MMC）に対する染色体不安定性が増大する．
N16, a novel component of DNA replication complex, is essential for DNA crosslink repair in mice
(A) The N16 protein overexpressed in HELA cells clearly co-localizes with PCNA in the nucleus, (B, C) embryonic
stem cells established from an N16 gene knockout mouse embryo show increased chromosome instability in re-
sponse to DNA crosslinking reagent mytomycin C (MMC)



















The germline is the cell lineage that gives rise to full ontogenesis of individuals and transmits genetic informa-
tion to next generations. During the differentiation of germ cells, important biological processes take place, such as
epigenetic reprogramming, establishment of pluripotency and genetic DNA recombination. Our current research
focuses on the molecular characterization of germinal granules/nuage, germline-specific ribonucleoprotein (RNP)
assemblies in the cytoplasm, and the regulation of meiotic entry and chromatin dynamics.
One structural characteristic observed in the germline is a cytoplasmic RNP domain called germinal granules
or nuage. The germinal granule/nuage is evolutionarily conserved in divergent animals, suggesting its essential
and common role in the germline, but the precise molecular and physiological function (s) remains unclear. We are
working on tudor-domain containing (Tdrd) genes, mainly Tdrd1, 6, 7 and 9, which encode for specific components
of mammalian germinal granules/nuage. Gene-targeted disruption of Tdrd1, 6, 7 and 9 all led to male-specific steril-
ity due to postnatal defects in spermatogenesis. Among these, TDRD1 and TDRD9 cooperate with piwi proteins,
MILI and MIWI2, respectively, and function non-redundantly in retrotransposon silencing at RNA and epigenetic
levels in spermatogonial stem cells and subsequent spermatogenesis. In contrast, Tdrd6 and 7 function in haploid
spermiogenesis. Tdrd6 and 7 mutants show abnormal spermatid differentiation with aberrant chromatoid body ar-
chitectures. Chromatoid bodies, a specialized form of germinal granules/nuage in spermatids, share some of their
components with somatic processing bodies (p bodies), a form of RNP implicated in degradation or translational
control of mRNA. We are addressing the possible function of TDRD6 and 7 in the regulation/metabolism of RNA.
Molecular mechanisms controlling meiotic entry and chromatin dynamics are important research subjects in
cell and developmental biology. We previously showed that primordial germ cells autonomously enter into meiosis
when cultured in vitro and identified a factor that suppresses this meiotic transition from mitosis. Recently, we es-
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tablished another in vitro culture system that induces meiosis initiation of an established germline stem cell line de-
rived from spermatogonia. By using this culture system, we identified signaling molecules that promote or inhibit
meiosis from mitotic spermatogonial stem cells. We are undertaking biochemical and genetic characterization of
these signaling pathways in vitro and in vivo.
【業 績 目 録】
 誌上発表 
1）原著論文
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Lim AK, Lorthongpanich C, Chew TG, Tan CW, Shue YT, Balu S, Gounko N, Kuramochi-Miyagawa S, Matzuk MM,
Chuma S, Messerschmidt DM, Solter D, Knowles BB. The nuage mediates retrotransposon silencing in
mouse primordial ovarian follicles. Development. 2013 Sep ; 140（18）: 3819－25
Shiromoto Y, Kuramochi-Miyagawa S, Daiba A, Chuma S, Katanaya A, Katsumata A, Nishimura K, Ohtaka M,
Nakanishi M, Nakamura T, Yoshinaga K, Asada N, Nakamura S, Yasunaga T, Kojima-Kita K, Itou D, Kimura
T, Nakano T.. GPAT2, a Mitochondrial Acyltransferase, in piRNA Biogenesis in Germline Stem Cells. RNA
2013 Jun ; 19（6）: 803－10
Chuma S, Nakano T. piRNA and spermatogenesis in mice. Philos Trans R Soc Lond B Biol Sci 2013 Jan 5 ; 368
（1609）: 20110338.
2）総 説
Nakatsuji, N. Mesoscopic science, where materials become life and life inspires materials. A great opportunity to
push back the frontiers of life, materials, and biomaterials sciences（Editorial）．Biomater. Sci. 1, 9－10（2013）.
Nakatsuji, N., Kawase, E., Miyazaki, T., Minami, I. and Aiba, K. Multidisciplinary research of human pluripotent
stem cells for application to cell therapy and drug discovery. Tiss. Engin. Regen. Med. 10, 1－4（2013）.








望月綾子 The role of N16 in maintenance of DNA stability and recombination in mice 新学術領域研究「生殖細
胞のエピゲノムダイナミクスとその制御」若手勉強会（2013.11.14．大阪大学）
林 瑛理 遺伝子ノックアウトによる哺乳類配偶子形成関連遺伝子の機能解析 新学術領域「生殖細胞のエピゲノ
ムダイナミクスとその制御」第一回若手勉強会（2013.11.14．大阪）
林 瑛理 遺伝子ノックアウトによる哺乳類配偶子形成関連遺伝子の機能解析 平成 25 年度京都大学再生医科学
研究所若手発表会（2013.12.25．京都）
2）講演・シンポジウム
Nakatsuji, N. Multidisciplinary research of human pluripotent stem cells : chemical control of cardiomyocyte differ-
entiation and novel 3D culture system for large-scale production. The 77th Annual Scientific Meeting of the
Japanese Circulation Society（2013.3.15－17．Yokohama）
Nakatsuji, N. Multidisciplinary research of human pluripotent stem cells : chemical control of cardiomyocyte differ-
entiation and novel 3D culture system for large-scale production. RSC Publishing-iCeMS Joint International
Symposium : Cell-Material Integration and Biomaterials Science（2013.3.18－19．Kyoto）
Nakatsuji, N. Multidisciplinary research of human pluripotent stem cells : Creation of neurodegenerative disease
model cells, chemical control of cardiomyocyte differentiation, and novel 3D culture system for large-scale
production and application. Stem Cell & Regenerative Medicine Global Congress 2013（2013.3.27－29．Seoul）
中辻憲夫．化合物や機能性マテリアルを用いたヒト多能性幹細胞（ES/iPS 細胞）の学際研究．第 62 回高分子学会年
次大会（2013.5.29－31．京都）
Nakatsuji, N. Novel culture system of human pluripotent stem cells for large-scle production and chemical control




Nakatsuji, N. Stem Cell Open Innovation in Japan : Industry-academia collaboration on stem cell large-scale pro-
duction and quality control. World Stem Cell Summit 2013（2013.12.4－6．San Diego）
中馬新一郎 多能性幹細胞の大量/長期培養におけるゲノム情報の解析 NEDO公開シンポジウム「再生医療の産
業化を支える技術開発」BioJapan2013（2013.10.10．横浜）
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【研 究 概 要】
ヒトES細胞株の樹立と臨床応用を目指した基盤研究
ヒトES細胞の医療応用を目指した基盤研究を行っている．これまでに 5株のヒトES細胞株を樹立しうち 3株



















Establishment and analysis of human ES cell lines aiming clinical application
Embryonic stem (ES) cell lines are pluripotent stem cell lines which can be propagated indefinitely in culture
retaining their differentiation potency into every cell types of tissues in the body. Since establishment of human ES
cell lines were reported, clinical use of functional tissues and cells from human ES cells are expected. In Japan,
there have been many demands for use of human ES cells on basic and pre-clinical researches. We started to estab-
lish human ES cell lines using donated frozen embryos in January 2003 and successfully established 5 human ES
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cell lines. We have distributed these cell lines to over 50 researches.
Cell processing facility for banking of clinical grade human ES cell lines.
For clinical application of hES cells, several issues remain to be solved such as development of complete-de
fined culture medium and feeder-cell free substrates. To verify these factors we should establish a standardthat
reaches international levels. To achieve that purpose we have been working as a member of working groups of the
International Stem Cell Forum (ISCF) and banking group of ISCBI (International Stem Cell Banking Initiative). Re-
cently the ISCBI established “Consensus Guidance for Banking and Supply of Human Embryonic Stem Cell Lines
for Research Purposes” as a first fruit, and we are working to establish guidelines for clinical use of human ES cells.
Efficient and easy crypreservation of human pluripotent stem cells by slow cooling.
Vitrification freezing has been widely used for cryopreservation of hPSCs. The vitrification method is efficient
but requires intensive training of researchers. Conventional slow cooling method is ideal, but it leads to poor recov-
ery of hPSCs after thawing. We demonstrated a highly efficient recovery method for hPSC cryopreservation by
slow freezing and single-cell dissociation. hPSCs that were freeze-thawed as colonies showed markedly decreased
survival, whereas freeze-thawed single hPSCs retained the majority of their viability, indicationg that hPSCs
should be cryopreserved as single cells. In addition, we found that freeze-thawed single hPSCs efficiently adhered
and survived in the absence of a ROCK inhibitor by optimization of the seeding density.
This simplified but highly efficient cryopreservation method allows easy handling of cells and bulk storage of high-
quality hPSCs.
図 1 ヒト ES細胞の解離状態による凍結前後での生存率
単一細胞への解離が解凍後の細胞の生存率を大きく向上させることが分かる．
（Genesis. doi : 10.1002/dvg.22725より改変）
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Nakatsuji, N., Kawase, E., Miyazaki, T., Minami, I., Aiba, K. Multidisciplinary Research of Human Pluripotent Stem
Cells for Application to Cell Therapy and Drug Discovery. TISSUE ENGINEERING AND REGENERA-






瀬栄八郎 ラミニンE8フラグメントを用いたヒトES/iPS 細胞の単一分散培養法 第 12 回日本再生医療学
会総会（2013.3.21－23）
武内大輝，中辻憲夫，末盛博文 ヒト多能性幹細胞からインスリン産生細胞への分化誘導方法の構築 第 12 回日
本再生医療学会総会（2013.3.21－23）
大田明生，松村和明，末盛博文，李 浚載，角 昭一郎，玄 丞烋 ヒトES，及び iPS 細胞の緩慢凍結法のため
のポリ－L－リジン誘導体凍結保存剤の開発 第 12 回日本再生医療学会総会（2013.3.21－23）
Akemi Ota, Kazuaki Matsumura, Hirofumi Suemori, Shoichiro Sumi and Suong-Hyu Hyon.An Effective Verification
Of Antifreeze Polyamino-Acid For A Slow Cryopreservation Of Human iPS Cell And ES Cell ISSCR（国際幹
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rescent Chemical Probes for Human Stem Cells. 2013 Cira International Symposium（Kyoto, 2013.3.11）
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2）講演・シンポジウム
Kawase E., Applications of scalable culture system toward for clinical-graded undifferentiated human embryonic
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【研 究 概 要】
幹細胞分化制御研究領域では，ES細胞（胚性幹細胞：embryonic stem cells）及び iPS 細胞（人工多能性幹細胞：in-
duced pluripotent stem cells）を用いて，心血管系の細胞分化・再生に関する研究を行っている．
ES細胞は，全ての種類の細胞に分化することができるいわゆる「万能」幹細胞と考えられている．この全能性（plu-














管としての高次構造を in vitro および in vivo において構築すること，いわば血管の発生過程を再現することに成
功した（Yamashita, Nature, 2000．）．この in vitro 分化系では，Flk1 陽性細胞を共通の前駆細胞として，内皮細胞，
壁細胞，血球細胞が分化し，さらにそれらの細胞が血管としての高次構造を形成する．また，中胚葉由来の細胞の
一つである心筋細胞も同様にFlk1 陽性細胞から分化誘導することと共に新しい心筋前駆細胞の同定に成功してい
る（Yamashita, FASEB J, 2005）．動静脈リンパ管内皮細胞分化や心筋ペースメーカー細胞などさらに多様な心血管
細胞の分化誘導を行っている（Yamashita, Trends Cardiovasc Med, 2007 ; Yanagi, Stem Cells, 2007 他）（図）．最近
我々は，免疫抑制剤のサイクロスポリンAが Flk1 陽性中胚葉細胞に特異的に作用し，心筋前駆細胞及び心筋細胞
の分化を促進する，という全く新しい作用を見出した（Yan, Biochem Biophys Res Commun, 2009）．本研究をもと
に心筋細胞の効率的分化を誘導する低分子化合物の探索を行っている．これら技術と細胞シート作製技術（東京女
子医科大学）を組み合わせ，心筋梗塞亜急性期における心臓細胞シート移植の効果と作用機構を明らかにした
（Masumoto, Stem Cells, 2012）．また，血管内皮細胞分化を培養下において構成的に再現することにより，cAMP
シグナルの意義を次々に明らかにした．すなわち，Protein kinase A が血管前駆細胞のVEGFへの感受性を変化さ
せて内皮細胞分化を促進していること（Yamamizu, Blood, 2009），同作用がCREBによる転写因子Etv2 発現誘導
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によること（Yamamizu, Stem Cells, 2012），痛覚に関与するオピオイドが cAMPシグナルを抑制することにより内
皮分化・血管形成に抑制的に作用していること（Yamamizu, Blood, 2011 表紙），及びNotch と β-catenin が直接相




（Yamamizu, Cell Stem Cell, 2012）．
さらに，最近本研究所山中伸弥教授によって樹立された人工多能性幹細胞（iPS 細胞）を用いて同様の実験システ
ムを構築し，新たな心血管再生研究を開始している．ES細胞研究において蓄積したノウハウを用いていち早くマ
ウス iPS 細胞を用いた心血管系細胞の分化誘導に成功した（Narazaki, Circulation, 2008）．またサイクロスポリンA
の作用を応用し，ヒト iPS 細胞からの機能心筋細胞を誘導することにも成功した（Fujiwara, PLoS One, 2011）．さ
らに高効率な新しいヒトiPS細胞の心筋分化法と誘導心筋細胞の純化法の開発にも成功した（Uosaki, PLoS One, 2011）．
このように我々のES細胞を用いた in vitro 分化系は，種々の循環器系の細胞群を系統的に分化誘導することが
でき，心血管の発生分化過程を培養下に恣意的に操作しながらしかも経時的に観察できる．従って，この分化系を
用いることにより心臓血管の発生分化のメカニズムを細胞レベル，分子レベルで検討し，ノックアウトマウスの形
質解析に依存していた分化の分子機構の解析を in vitro で行うという新しいアプローチが可能になったと考えられ
た．またこれらの知見を様々な形で再生医療を中心とした応用研究に展開することができる．
現在，このES細胞 in vitro 分化系を用いて，以下のようなプロジェクトを遂行している．
1．ES細胞/iPS 細胞 in vitro 分化系を用いた心血管細胞分化多様化の分子機構の解析
1）動静脈・リンパ管内皮特異的分化誘導と内皮細胞多様化機構の解析（Yurugi-Kobayashi, Arterioscler Thromb
Vasc Biol, 2006 ; Kono, Arterioscler Thromb Vasc Biol, 2006 ; Yamashita, Trends Cardiovasc Med, 2007 ;
Yamamizu, J Cell Biol, 2010）
2）cAMP及び PKAによる血管内皮細胞の分化能調節機構（Yamamizu, Blood, 2009 ; Yamamizu, Stem Cells,
2012）
3）血管内皮分化/血管形成及び腫瘍形成におけるオピオイドの意義（Yamamizu, Blood, 2011 表紙）（星薬科大学
との共同研究）
4）ES/iPS 細胞分化過程におけるエピジェネティクス制御機構の関与と意義（Yamamizu, Cell Stem Cell, 2012）
（東京大学との共同研究）
5）ES/iPS 細胞分化系における新しい遺伝子機能解析システムの開発
） 誘導性 shRNAを用いた分化段階特異的遺伝子発現制御ES細胞システム（Hiraoka-Kanie, Biochem Bio-
phys Res Commun, 2006）
）CRISPR/Cas9 を用いたプロモーター挿入法による簡便な遺伝子欠損／レスキューシステム（Matsunaga,




2）心筋細胞 in vitro 分化系を用いた心筋分化・多様化の分子機構の解析
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3）ES細胞由来心筋細胞自動能形成機構の解析（Yanagi, Stem Cells, 2007）
4）サイクロスポリンAを用いた新しい高効率心筋前駆細胞・心筋細胞分化誘導法（Yan, Biochem Biophys Res
Commun, 2009 ; Fujiwara, PLoS One, 2011）（京都大学心臓血管外科・内分泌代謝内科との共同研究）
5）ヒト ES細胞からの心血管細胞分化誘導
ヒトES細胞使用計画「ヒトES細胞を用いた心血管細胞分化機構に関する研究」（研究代表者・山下 潤，
平成 17 年 3 月 10 日文部科学大臣承認）
ヒトES細胞を用いた心血管分化研究を行っている．
6）iPS 細胞を用いた心血管分化再生に関する研究
）マウス iPS 細胞からの心血管細胞分化系（Narazaki, Circulation, 2008 ; Best Paper Award in Basic Science
category, Circulation 2008）
）新しい高効率ヒト心筋分化誘導法の開発とVCAM1を表面抗原として用いた新しい心筋細胞純化法の開
発（Uosaki, PLoS One, 2011）
）iPS 細胞由来心臓細胞シートを用いた細胞移植治療の開発（Masumoto, Stem Cells, 2012）（東京女子医大・
京都大学心臓血管外科との共同研究）
）ヒト iPS 細胞分化における心筋前駆細胞の誘導と純化
7）iPS 細胞分化システムのケミカルバイオロジー及び創薬応用（Nakao, Bioorg Med Chem Lett, 2008）（早稲田大
学他との共同研究）
8）心筋細胞分化・増殖を促進する新しい化合物の探索・同定
）分化段階特異的に心筋細胞増殖を制御する低分子化合物（Uosaki, Circ Cardiovasc Genet, 2013）.
Main theme of our research : Elucidation of cellular and molecular mechanisms of cardiovascular development and
the application to cardiovascular regeneration using in vitro differentiation system of embryonic stem (ES) cells and
induced pluripotent stem (iPS) cells.
Previously, we established a novel in vitro vascular differentiation system of ES cells (Yamashita, Nature, 2000).
Using ES cell-derived Flk1 (VEGF receptor-2)-positive mesodermal cells as starting material, we can induce all of
the vascular cellular compartments, that is, endothelial cells, mural cells (vascular smooth muscle cells and peri-
cytes) and blood cells. Vessel-like structures of endothelial cell tube with mural cell attachment and blood cell inside
are formed from Flk1+ cell aggregates in 3-D culture. Thus, this in vitro system should reproduce the early process
of vascular development. And we also demonstrated that the transplanted vascular cells induced by this system
could contribute to developing vasculature in vivo. Moreover, we have succeeded in inducing cardiomyocytes from
Flk1+ cells, and identifying a novel cardiac progenitor cells (Yamashita, FASEB J, 2005). Recently, we succeeded in
inducing arterial, venous, and lymphatic endothelial cells (Yamashita, Trends Cardiovasc Med, 2007 etc). All of car-
diovascular cellular components, thus, could be induced in our in vitro differentiation system. (Fig. 1). Recently, we
found that an immunosuppressant, cyclosporin-A, possesses a novel effect to potently induce cardiomyocytes and
cardiac progenitors from Flk1+ mesoderm cells (Yan, Biochem Biophys Res Commun, 2009). Currently, we are
screening to identify small molecules which can induce efficient cardiomyocytes from pluripotent stem cells and
could be effective for cardiac regeneration in vivo. Combining our technologies in stem cells and a cell sheet
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method (Tokyo Women’s Medical University), we generated a cardiac cell sheet with defined cardiac cell popula-
tions (i.e. cardiomyocytes, endothelial cells, and vascular mural cells), and succeeded in showing potent restoration
effect on infarcted hearts after sheet transplantation (Masumoto, Stem Cells, 2012). Using our constructive induction
system for vascular cells, we recently demonstrated critical roles of cAMP/PKA signaling in endothelial cell differ-
entiation and diversification. That is, protein kinase A (PKA) enhances vascular progenitor potential to endothelial
competent through dual upregulation of VEGF receptors, Flk1 and neuropilin1, in Flk1+ cells (Yamamizu, Blood,
2009). This effect is mediated by CREB-induced gene expression of an Ets family transcription factor, Etv2
(Yamamizu, Stem Cells, 2012). A neurophysiological modifier, opioid system, is found to regulate endothelial cell dif-
ferentiation and early vascular formation through inhibition of cAMP/PKA pathway (Yamamizu, Blood, 2011 ;
cover image). We also demonstrated that Notch and β-catenin directly interact in Flk1+ cells and determine arte-
rial endothelial cell fate (Yamamizu, J Cell Biol, 2010). We further examined new roles of PKA signaling in the ear-
lier stage of differentiation from pluripotent stem cells, and demonstrated a novel signal-epigenome linkage that
regulated timing of pluripotent stem cell differentiation. That is, activation of PKA induced rapid differentiation of
germ layer cells from the pluripotent state by increasing protein expression of a histone methyltransferase, G9a,
which suppressed pluripotent gene expressions though a negative histone modification, H3K9me2 (Yamamizu, Cell
Stem Cell, 2012).
Recently, we have started new research with the use of novel adult tissue derived pluripotent stem cells, in-
duced pluripotent stem (iPS) cells, and succeeded in systematic cardiovascular cell differentiation of mouse iPS cells
(Narazaki, Circulation, 2008). We recently succeeded in inducing functional cardiomyocytes from human iPS cells
using cyclosporin-A method (Fujiwara, PLoS One, 2011). We further succeeded in efficiently inducing cardiomyo-
cytes from human iPS cells and identifying a cell surface molecule, VCAM1, for purification of cardiomyocytes
(Uosaki, PLoS One, 2011).
Fig. 1 : Cardiovascular development in ES and iPS cell in vitro differentiation
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In this system, we can manipulate the fate of cell differentiation, observe the behavior of differentiating cells,
purify and obtain cells at various differentiation stages. This system provides us possibilities to dissect the mecha-
nisms of cardiovascular development from new aspects, and offers novel potentials for cardiovascular regeneration.
Research Projects :
1．Elucidation of cellular and molecular mechanisms of cardiovascular cell differentiation and specification using ES/
iPS cell in vitro differentiation system.
1）Specific induction of various endothelial cells types（i.e., arterial, venous, and lymphatic）and investigation of
the mechanisms for endothelial specification（Yurugi-Kobayashi, Arterioscler Thromb Vasc Biol, 2006 ; Kono,
Arterioscler Thromb Vasc Biol, 2006 ; Yamashita, Trends Cardiovasc Med, 2007 ; Yamamizu, J Cell Biol,
2010）．
2）PKA in the regulation of vascular progenitor potential（Yamamizu, Blood, 2009 ; Yamamizu, Stem Cells,
2012）
3）Significance of opioids in endothelium differentiation, vascular formation, and tumor growth（Yamamizu,
Blood, 2011 ; cover image）（collaboration with Hoshi University）
4）Significance of epigenome regulation in pluripotent stem cell differentiation processes, mainly with global
analyses of epigenetics in ES/iPS cell differentiation（Yamamizu, Cell Stem Cell, 2012）（Collaboration with
University of Tokyo）
5）Gene manipulation systems in ES/iPS differentiation
i） Inducible shRNA expression for differentiation stage-specific gene knockdown（Hiraoka-Kanie, Biochem
Biophys Res Commun, 2006）
ii） Gene knockout/rescue system by promoter insertion with CRISPR/Cas9（Matsunaga, Biochem Biophys
Res Commun, 2014）
2．Cardiovascular cell induction from ES/iPS cells and application to regeneration
1）Establishment of a novel cardiomyocyte induction system in 2-dimentinal culture（Yamashita, FASEB J,
2005）．
2）Dissection of cellular and molecular mechanisms of cardiomyocyte differentiation
3）Ion channels to reconstitute automaticity of ES cell-derived cardiomyocytes（Yanagi, Stem Cells, 2007）
4）Specific and efficient expansion of cardiac progenitor cells and cardiomyocytes by cyclosporin-A（Yan, Bio-
chem Biophys Res Commun, 2009 ; Fujiwara, PLoS One, 2011）（collaboration with Department of Cardiac
Surgery, and Department of Medicine and Clinical Science, Kyoto University Graduate School of Medicine）
5）Cardiovascular cell differentiation using human ES cells
Our human ES cell research project “Research for differentiation mechanisms of cardiovascular cell differen-
tiation using human ES cells” has been approved by the Science Ministry of Japan（2005.3.10）．
6）Cardiovascular regeneration with iPS cell research
i） Establishment of cardiovascular cell differentiation system of mouse iPS cells（Narazaki, Circulation, 2008 ;
Best Paper Award in Basic Science category, Circulation 2008）.
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ii） Novel efficient cardiomyocyte induction and purification method with VCAM1（Uosaki, PLoS One, 2011）
iii） Cell sheet transplantation strategies with iPS cell-derived cardiac cell population．（Masumoto, Stem Cells,
2012）（Collaboration with Tokyo Women’s Medical University）
iv） Induction and purification of cardiac progenitors from human iPS cells
7）Application of iPS cell differentiation system to chemical biology and drug screening（Nakao, Bioorg Med
Chem Lett, 2008）（Collaboration with Waseda University）
8）Screening and identification of small molecules for cardiomyocyte differentiation and proliferation
i） Small molecules controlling developmental stage-specific cardiomyocyte proliferation (Uosaki, Circ Car-
diovasc Genet, 2013)
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れることを世界に先駆けて発見した（Tada et al．（2001）Curr. Biol．）．この結果は，分化細胞を直接培養条件下で
多能性幹細胞に再プログラム化可能であること，またES細胞には体細胞の再プログラム化に必要十分な因子があ
ることを示していた．現在では，ES細胞から同定された因子（Oct4, Sox2, Klf4 & c-Myc）の強制発現により体細胞
が多能性幹細胞（人工多能性幹（iPS ; induced pluripotent stem）細胞）に再プログラム化されることが明らかになっ















Our body is built by an incredible variety of cell and tissue types, which develop from a single fertilized egg
through embryogenesis. Determination of the cell fate is epigenetically regulated through activation or repression
of specific genes. Nuclear reprogramming is a phenomenon that a specialized somatic cell acquires pluripotential
competence, which is defined by multi-lineage differentiation, due to reset of epigenetic memory of the somatic cell.
We found that embryonic stem (ES) cells, which have the robust capability of self-renewal with pluripotency under
culture conditions, retain the nuclear reprogramming activity as shown by cell fusion with a somatic cell (Tada et al.
(2001) Curr.Biol.). These findings have indicated the reality of direct reprogramming of somatic cell under a culture
condition with factors isolated from ES cells. Tremendously, it has been discovered that defined factors Oct4, Sox2,
Klf4 and c-Myc highly expressed in ES cells are sufficient for triggering nuclear reprogramming of somatic cells to
induced pluripotent stem (iPS) cells (Takahashi and Yamanaka (2006) Cell). It has been shown that Oct4, Sox2 and
Nanog cooperatively function as key transcription regulators in the repression of somatic cell genes and the activa-
tion of stem cell genes in pluripotent stem cells.
図 2 ヒト体細胞から再プログラム化された iPS細胞と iCS細胞での遺伝子発現
TIG1 ;体細胞，iESC上皮系幹細胞，iCSC；癌幹様細胞，iPSC ; iPS細胞
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Reprogrammed somatic genome through cell fusion with ES cells function in cell differentiation similar to the
ES genome. Comparative analyses of epigenetic modifications of the somatic genome before and after cell fusion
with ES cells demonstrated that the nuclear reprogramming is induced at least through two steps ; a) erasure of
the somatic cell memory accompanied with global chromatin de-condensation and b) acquirement of the pluripo-
tent stem cell memory. However, the pathway from somatic cell to pluripotent stem cell is largely unknown.
Aims)
1）Understanding of molecular mechanisms involved in nuclear reprogramming of somatic cells
2）Understanding of molecular function of stem cell factors in maintaining pluripotency and self-renewal
3）Development of nuclear reprogramming technologies toward clinical applications
Importance)
In the field of basic stem cell biology, understanding of the molecular mechanisms of nuclear reprogramming
of somatic cells to pluripotent stem cells will shed light on the central dogma, the succession of life. In the field of re-
generative medicine, the reality of personal iPS cells from individual somatic cells through nuclear reprogramming
rises the great hopes on regenerative medicine in near future. Toward realizing the regenerative medicine, further
study will be required to overcome several ethical and practical obstacles.
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施設長・教授 近藤 玄
Acting Head, Prof. Gen Kondoh
【再生実験動物施設の現状について】
附属再生実験動物施設では，平成 24 年度イヌ；142 頭，サル；1頭，ウサギ；45 羽，ラット；147 匹，マウス；
6,948 匹が実験動物として飼養された（京都大学動物実験委員会「動物実験に関する自己点検・評価報告書」平成 25








南部総合研究実験棟（2002 年 12 月設置，再生医科学研究所，ウイルス研究所，医学部の 3部局による共同研究









































受精能が回復した．このことから，ACEは in vivo で GPI-AP 遊離活性（GPIase）があり，この活性をもって受精に
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わち，M-β-CD は従来から言われている capacitation 誘導に加えて先体反応も促進することがわかった．我々は，
上記精子膜変化に先体反応を加えて一連の現象を精子膜反応（sperm membrane reaction, SMR）と呼称し，射出精
子での解析を行った．その結果，SMRは子宮内精子ではほとんど見られなかったが，卵管内遊走精子の約 40％，
卵丘細胞層侵入精子の約 70％，また透明帯接着精子の全てで観察され，SMRは卵管内で階層的に起こることが示
唆された（Watanabe H. and G. Kondoh J. Cell Scie., 124, 2573－2581, 2011）．次に，これらの変化を誘導する生体内因
子を同定するため，3条件（1．発情未交配，2．精管結紮雄マウスと交配，3．正常雄マウスと交配）の雌から子宮
卵管移行部組織を採取し，マイクロアレイ比較解析を行った．条件 2と条件 3の違いは，条件 3では精子および精
巣上体分泌物による刺激が加わることにある．そこでこれらの間の遺伝子発現プロファイルを比較すると，210 個
の遺伝子が 3＞2の発現上昇を示した．さらに構造的に分泌型もしくは膜結合型タンパク質をコードするものを選








これらの技術集約のもとに，過去 9年間で 10 報の論文発表に，遺伝子改変マウス作出担当として参加した．
Mammalian sperm undergo multiple maturation steps after leaving the testis in order to become competent
for fertilization, although the molecular mechanisms underlying this process remain unclear. In terms of identifying
factors crucial for these processes in vivo , we found a putative sperm maturation factor of female (SMF-F). Most
sperm that migrated to the oviduct of wild-type female underwent lipid raft reorganization and glycosylphosphati-
dylinositol (GPI)-anchored protein shedding via SMF-F dependent manner. These observations imply that mam-
mals possess another mode for sperm maturation, different from the conventional albumin-mediated pathway.
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specific rectal carcinogenesis in cyclin D1b transgenic mice. Carcinogenesis, 35－1, 227－236（2014）．
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【研 究 概 要】
1．生きている細胞中での 1分子観察と操作法の開発




































Paradigm shift of the concept of the plasma membrane structure
The plasma membrane has been considered to be a two dimensional liquid, with their constituent molecules,
membrane proteins and lipids, diffusing freely in the plasma membrane, the Singer-Nicolson model widely accepted
for these 30 years. However, we found that the plasma membrane is partitioned into many small compartments,
and both membrane lipids and proteins undergo short-term confined diffusion within a compartment, and long-
term hop diffusion between the compartments. These membrane compartments are delimited by the membrane
skeleton and the transmembrane proteins anchored to the membrane skeleton (Fujiwara et al., 2002 ; Murase et al.,
2004 ; Kusumi et al., 2005 ; Morone et al., 2006). This entails a paradigm shift for the concept of the plasma mem-
brane, from the continuous 2-dimensional fluid to the compartmentalized, structured system. This could be found
because we have developed high time resolution (25 microseconds) single-molecule tracking techniques (Kusumi et
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ing over all the molecules under observations. Without high-time resolutions, the residency time within a compart-
ment for 1 ms to 1 s could not be detected.
Single-molecule force microscope
An ultra-sensitive, single-molecule optical force scanning probe microscope was developed that uses a single
membrane molecule as a probe. This microscope measures the interaction force between the membrane-molecule
probe with the membrane skeleton mesh in live cells, and, by mapping the force, images of the membrane skeleton
that interact with the membrane molecule were obtained (Ritchie et al., in preparation). A theoretical framework
was developed to understand/predict the behavior of single membrane molecules being dragged by the optical
trap (Ritchie et al. in preparation).
Detection of transient interactions of two species of molecules in living cells
Two species of molecules were laballed in different colors, and a method to detect their colocalization at the
level of single molecules was developed for the first time (Koyama et al., 2005).
Single-molecules FRET imaging of H-Ras activation in living cells
The activation of H-Ras, a GTP-binding protein involved in the signaling pathways for cell proliferation and re-
organization of the cytoskeleton, was visualized at the level of individual molecules using a technique called single-
molecule fluorescence resonance energy transfer (single-molecule FRET ; Murakoshi et al., 2004 ; Kusumi and Mu-
rakoshi, 2005). Activation of H-Ras takes place only temporarily (<2 s), and is accompanied by transient immobiliza-
tion, which is likely due to the transient formation of an activated-Ras signaling complex with scaffolding proteins.
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Restoration and maintenance of oral function (ingestion, mastication, swallowing and phonation) are essential
for ADL (activity of daily living) and QOL (quality of life) especially in the elderly. The goal of our study is to estab-
lish the fabrication systems of precision dental prostheses, which have excellent biological-, mechanical- and mor
phological-compatibility.
On the other side, there is a big social problem in the manufacturing industry of the dental prostheses in Japan.
The society tends to be composed by elderly dental technicians, and many young people in this field quit work be-
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Fig. 1 Computer simulation of multi-cellular tissue morpho-
genesis

















In functional tissue adaptation, regeneration and stem cell differentiation in morphogenesis, the mechanism by
which local mechanical signals are sensed by cells and tissues remodel/regenerate their structure to meet their
functional demands remains unclear because of the complex hierarchical system in spatiotemporal scales. To bet-
ter understand the mechanoregulation of tissue adaptation by remodeling, morphogenesis, and regeneration, bridg-
ing spatial and temporal scales from microscopic molecular and cellular activities to macroscopic tissue behaviors is
very important. Based on multiscale system biomechanics, our department is involved in integrated biomechanics/
mechanobiology researches of modeling and simulation combined with experiments, focusing on mechano-bio
chemical couplings in the dynamics of structure-function relationships in tissues and cells.
(1) Biomechanics of multi-cellular tissue morphogenesis
In general, a rapidly growing epithelial sheet during tissue morphogenesis shows a smooth and continuous
curvature on both inner cavity (apical) and basement membrane (basal) sides. For instance, epithelia of the neural
図 2 AFMを用いたアクチンフィラメントと αアクチニンの相互作用計測
Fig. 2 Actin filament/α-actinin interaction measurement using AFM
Annual Report 2013
附属ナノ再生医工学研究センター －１４８－
tube and optic vesicle in the early embryo maintain continuous curvatures in their local domains, even during their
rapid growth. However, given that cell divisions, which substantially perturb the local force balance, frequently and
successively occur in an uncoordinated manner, it is not self-evident to explain how the tissue keeps a continuous
curvature at large. In the majority of developing embryonic epithelia with smooth surfaces, their curvatures are
apically concave, because of the presence of strong tangential contractile force on the apical side.
In this numerical study, we demonstrate that tangential contractile forces on the apical surface plays a critical
role in the maintenance of smooth curvatures in the epithelium and reduces irregular undulations caused by unco-
ordinated generation of local pushing force. Using a reversible network reconnection (RNR) model, which we previ-
ously developed to make numerical analyses highly reproducible even under rapid tissue-growth conditions, we
performed simulations for morphodynamics to examine the effect of apical contractile forces on the continuity of
curvatures. Interestingly, the presence of apical contractile forces suppressed irregular undulations not only on the
apical side, but also on the basal surface. These results indicate that cellular contractile forces on the apical surface
control not only the shape at a single cell level, but also at a tissue level as a result of emergent mechanical coordi-
nation.
(2) Actin filament-actin binding protein interaction measurement using atomic force microscopy
Actin filaments play essential roles in many kinds of biological functions. Especially, mehcnanotransduction is
mediated by the actin filament dynamics based on the interaction between the actin filaments and hundreds of ac-
tin binding proteins. The actin filament/binding protein interaction is influenced by the actin filament mechanical
conditions such as contraction, tension, and bending. We probed the interaction between actin filament and a bind-
ing protein, α-actinin, using an atomic force microscopy (AFM) and single molecular force spectroscopy (SMFS).
The distribution of rupturing events including specific and non-specific interactions of actin filament/α-actinin and
BSA/α-actinin were analyzed.
The rupture force of the actin filament/α-actinin binding was significantly larger than that of the BSA/α-ac
tinin non-specific interaction, and the peaks represent typical multiple parallel bonds. In addition, based on the rup-
ture forces in different loading rate SMFS experiments, the dissociation constant of actin filament/α-actinin bind-
ing was estimated. The value is in good agreement with a previously reported value obtained by optical tweezer
measurement. The present method will be useful for actin filaments/the binding protein interaction measurement
and will be applied for the actin dynamics measurement.
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Asian Pacific Conference on Biomechanics（2013.8.29－31．Seoul, Korea）
Tetsuya Fujii, Yasuhiro Inoue, Taiji Adachi : Actin-cofilin Interaction Energetically Relates to Promoting Actin
Filament Disassembly. The 7th Asian Pacific Conference on Biomechanics（2013.8.29－31．Seoul, Korea）
Yasuhiro Inoue, Taiji Adachi : Actin-myosin Catch Bond Promotes Actomyosin Aggregate Formation. The 7th
Asian Pacific Conference on Biomechanics（2013.8.29－31．Seoul, Korea）
Taiji Adachi, Kentaro Takenaka, Yasuhiro Inoue : Modeling Spatiotemporal Regulation of Trabecular Bone Re-














Yoshitaka Kameo, Yamamoto Ryuta, Ootao Yoshihiro, Masayuki Ishihara, Hiroshi Kamioka, Taiji Adachi : Model-




Satoru Okuda, Yasuhiro Inoue, Mototsugu Eiraku, Taiji Adachi, and Yoshiki Sasai : Three-dimensional Vertex
Model for Biomechanical Simulations of Multicellular Dynamics during Tissue Morphogenesis. Quantitative
Biology of Signaling, Institut des Etudes Scientifiques de Cargese（2013.10.21－26．Corsica, France）
Hiromi Miyoshi, Takuma Kishimoto, Takehiko Inaba, Miki Nishimura, Michiko Sugawara, Jong Soo Ko, Taiji Ada-
chi, Toshihide Kobayashi, Yutaka Yamagata : Actin Dynamics in Cells Cultured on Engineered Micro-to













平松竜司，松岡俊樹，木村－吉田千春，韓 成雄，持田京子，安達泰治，高山秀一，松尾 勲：External Mechani-
cal Cues Establish the Anterior-posterior Axis Polarity in Early Mouse Development．第 36 回日本分子生物
学会年会（2013.12.3－6．神戸）
Daisuke Tawara, Ken Nagura, Tetsuya Tsujikami, Taiji Adachi : Estimation of Changes in Mechanical Bone Qual-
ity by Multi-scale Analysis with Remodeling Simulation. The 15th International Conference on Biomedical
Engineering（ICBME 2013）（2013.12.4－7．Singapore）
Taiji Adachi, Satoru Okuda, Yasuhiro Inoue : Computer Simulation of Tissue Morphogenesis Based on Multicellu-
lar Dynamics. The 15th International Conference on Biomedical Engineering（ICBME 2013）（2013.12.4－7．Sin
gapore）
Yasuhiro Inoue, Tetsuya Fujii, Taiji Adachi : Tensile-force-induced Propeller-twist Change of Actin Subunits in











Taiji Adachi : Biomechanical Studies on Actin Filament Dynamics Regulated by Mechano-chemical Couplings. In-
ternational Symposium on Nanomedicine Molecular Science, Insights into Intracellular Molecular Reactions :
Aiming for Innovation of Medical Cares by Integration of Chemistry, Physics, and Biology（2013.3.10．Kobe）
（Symposium）
Taiji Adachi, Satoru Okuda, Yasuhiro Inoue : Biomechanical Simulation of Tissue Morphogenesis Based on Multi-
cellular Interactions. International Symposium on Bio Medical Engineering Interface（2013.3.14－15．Sendai）
（Symposium）
Taiji Adachi : Bone as a Smart Material with Structural Optimality. Egypt-Japan University of Science and Tech-
nology（E-JUST）Seminar（2013.5.14．Alexandria, Egypt）（Lecture）
Taiji Adachi : Cellular and Molecular Biomechanics : Mechano-chemical Couplings. Kickoff Symosium : Research
and Education Platform for Innovative Research on Dynamics LivingSystems Based on Multi-dimensional















Yasuhiro Inoue, Satoru Okuda, Tetsuya Fujii, Kohei Ohto, Taiji Adachi : Computational Biophysics on Epithelial
Tissue Deformation : From Molecular to Tissue Scale. Biophysical Views in Structural Cell Biology, the 51st
Annual Meeting of the Biophysical Society of Japan（2013.10.28－30．Kyoto）（Symposium）
Sung-Woong Han, Koichiro Maki, Yoshinori Hirano, Toshio Hakoshima, Taiji Adachi : Mechanical Evaluation of
Molecules at Adherens Junction using AFM. Biophysical Views in Structural Cell Biology, the 51st Annual






Taiji Adachi : Mechanoregulation of Actin Cytoskeleton Dynamics in Migrating Cells．ナノプラットフォームNSF
セミナ （ー2013.12.13．京都）（Seminar）
Institute for Frontier Medical Sciences
附属ナノ再生医工学研究センター－１５５－
技 術 部
Division of Technical Support
【研究支援概要】





・特殊染色（Azan stain, Alcian blue stain, Berlin blue stain, Dahl’s method, Elastica-Van Gieson stain, Giemsa
stain, Kluver-Barrera stain, Masson’s tricrome stain, Maxwell’s stain, Nissl’s stain, PTAH, Tolu-









開催日：2013 年 12 月 25 日（水）
場 所：芝蘭会館 稲盛ホール
開会の挨拶 所長 岩田 博夫（京都大学再生医科学研究所）
セッション 1
座長：松岡 雅雄（京都大学ウイルス研究所 所長）
「マウス精子の受精能獲得分子機構のダイナミズム」 近藤 玄（京都大学再生医科学研究所 教授）
「マウス精子形成を支える幹細胞の正体とその動態」






「細胞分裂の軸を決めるメカニズムと細胞分化・組織構築における意義」 豊島 文子（京都大学ウイルス研究所 教授）
「細胞膜に見るメゾスケール分子組織化と機能の原理：超 1分子イメジングによる解明」
楠見 明弘（京都大学再生医科学研究所 教授）
閉会の挨拶 副所長 開 祐司（京都大学再生医科学研究所）





How misfolded proteins are exported from the ER？ 細川 暢子（細胞機能調節学分野）
ポスター 2













Manipulating cell sorting in MSC/islet multicellular spheroids Ian T. Hoffecker（組織修復材料学分野）
ポスター 7












開催日：2013 年 12 月 25 日（水）
場 所：芝蘭会館 稲盛ホール
開会の挨拶 所長 岩田 博夫（京都大学再生医科学研究所）
セッション 1 座長：徳増 雄大（再生増殖制御学分野），増田 喬子（再生免疫学分野）
EP2 アゴニストを用いた変性軟骨再生治療法の開発 福田 誠（組織再生応用分野）
iPS 細胞技術を用いた LMP2 抗原特異的T細胞の再生 前田 卓也（再生免疫学分野）
HLAハプロタイプホモドナーからヘテロへの移植における免疫反応の検証と制御法の開発 一瀬 大志（再生免疫学分野）
生理活性因子配向固定化ハイドロゲルを用いた間葉系幹細胞のサンドイッチ培養 戸田 裕之（生体材料学分野）
セッション 2 座長：一瀬 大志（再生免疫学分野），飯田 敦夫（再生増殖制御学分野）
1分子観察によるGPCRの過渡的 2量体の発見と機能解明 笠井 倫志（ナノバイオプロセス研究領域）
Transient raft-dependent multimolecular complexes including integrin and FAK are the platforms for IP3 signaling of GPI-an
chored receptors Raft-facilitated signal transduction of GPI-anchored receptors mediated by transient recruitment of integrin
and FAK : elucidation by single-molecule imaging（インテグリンとFAKを含む短寿命多分子複合体ラフトがGPI アンカー型




セッション 3 座長：牧 功一郎（バイオメカニクス研究領域），有馬 祐介（組織修復材料学分野）
Analysis of biological association of LBX1 with AIS (adolescent idiopathic scoliosis)-like spinal deformity in zebrafish
郭 龍（Guo Long）（生体分子設計学分野）
精子成熟因子としての自然免疫因子リポカリン 2 渡邊 仁美（附属再生実験動物施設）



















abT細胞系列と gdT細胞系列への運命決定機構：決定はT細胞受容体非依存的に起こる 河田 岳人（再生免疫学分野）
Institute for Frontier Medical Sciences
４．学術集会－１５９－
京都大学再生医科学研究所平成 24年度共同研究報告会







長船 健二 准教授（京都大学 iPS 細胞研究所）
「人工癌幹細胞を用いた上皮－間葉移行能力関連因子群の解析」 近藤 亨 教授（北海道大学遺伝子病制御研究所）
「矯正的歯の移動モデルを用いた歯根膜幹細胞ニッチの解析」 山本 照子 教授（東北大学大学院歯学研究科）
「機能性ハイドロゲルを用いた組織周囲環境の再現と組織形態変化の検討」
松本 卓也 教授（岡山大学大学院医歯薬学総合研究科）
「軟骨特異的分子Chondromodulin-I を用いた骨延長術の促進」 油形 公則 特任助教（徳島大学病院 整形外科）
「キメラマウスを用いた概日時計成立メカニズムの解明」 八木田 和弘 教授（京都府立医科大学大学院医学研究科）
「Mlh1 欠損マウスの胸腺および脾臓に発生する 2種類のリンパ腫における胎児期被ばくの影響」











開催日：2013 年 7月 20 日（土）
場 所：京都大学百周年時計台記念館 1階百周年記念ホール
開会挨拶
「意外と謎だらけの受精のはなし」 再生医科学研究所 教授 近藤 玄




開催日 講演者・所属 演 題 セミナー名 主催分野























































2013. 5.29 Peter Pivonka
（University of Melbourne,
Melbourne, Australia）
A Multiscale Systems Biology Ap-



























2013. 7.29 朝倉 淳
（Stem Cell Institute, Paul &
Sheila Wellstone Muscular
Dystrophy Center, Depart-
ment of Neurology, Univer-







2013. 9.27 川上 浩一（国立遺伝学研究所） Genetic visualization and control of





















Tissue Mechanics : from Microstruc-
ture to Function - Our current work









One Possible Mechanism of Collective









German-Japan Colloquium Cellular Biochemistry Shaping Animals, Karlsruhe Institute of Technology
開 催 日：2013 年 1 月 28～31 日
開催場所：Karlsruhe, Germany
第 19 回小型魚類研究会
開 催 日：2013 年 9 月 20～21 日
開催場所：仙台市情報・産業プラザ（宮城県仙台市）
日本発生生物学会 2013 年秋期シンポジウム
開 催 日：2013 年 11 月 18～20 日
開催場所：しあわせの村（兵庫県神戸市）
Swiss-Kyoto Symposium, Eidgenössische Technische Hochschule





























遺伝子発現と蛋白質局在を in situ hybridization，real-time PCR，免疫染色を用いて調べ，続いてwild type と Chm-I－／－マウス








○研究代表者：長船 健二 准教授（京都大学 iPS 細胞研究所）
再生医科学研究所共同研究者：岩田 博夫 教授（組織修復材料学分野）
○研究経過及び研究成果：
iPS 細胞から分化誘導した膵 β細胞と α細胞の再配置を行い，機能的な膵島組織を再構築することを目的に研究を開始した．
まず，既報の分化誘導法（Kunisada et al., 2012）を改良し，ヒト iPS 細胞から約 10％程度の効率にてインスリン産生細胞（β細胞）
を安定して分化誘導可能となった．そして，低分子化合物のスクリーニングを行い，ヒト iPS 細胞から β細胞への誘導効率を 2
Institute for Frontier Medical Sciences
５．共同研究－１６３－
倍程度に向上させる化合物を同定した（投稿準備中）．次に，ヒト iPS 細胞由来 β細胞の再配置実験を可能とするために β細胞を
生存させたまま単離できる INSULIN 遺伝子座に緑色蛍光蛋白質（GFP）を相同組み換え法にて遺伝子導入したレポーターヒト
iPS 細胞株（INSULIN-GFP knockin ヒト iPS 細胞）を樹立した．今後，α細胞のマーカー遺伝子であるGLUCAGONのレポーター
ヒト iPS 細胞株（GLUCAGON-tdTomato knockin ヒト iPS 細胞）の樹立も行い，それらのレポーターヒト iPS 細胞株を用いて，
岩田研究室と共同でヒト iPS 細胞から分化誘導した α細胞と β細胞の再配置実験を行う予定である．
○研究成果の公表
＜発表論文＞
1．Yasushi Kondo, Taro Toyoda, Michinori Funato, Yoshiya Hosokawa, Tomomi Sudo, Nobuya Inagaki and Kenji Osafune.
Establishment of the differentiation method from human iPS cell into pancreatic β cell using low-molecular-weight com-
pounds.（投稿準備中）
2．近藤恭士，稲垣暢也，長船健二
「ヒトES細胞，iPS 細胞の heterogeneity と再生医療に与える影響」内分泌・糖尿病・代謝内科（科学評論社）36（3）: 242－
248, 2013．
3．長船健二


























Hiroaki Taketa, Yasuhiro Torii, Masaya Yamamoto, Yoshiaki Hirano, Yasuhiko Tabata, Takuya Matsumoto. Peptide-based syn-
thesized platform for modulating in vitro gland tissue morphogenesis.（In preparation）
Hiroaki Taketa, Yasuhiro Torii, Masaya Yamamoto, Yoshiaki Hirano, Yasuhiko Tabata, Takuya Matsumoto. Peptide-immobilized
Annual Report 2013
５．共同研究 －１６４－

















フィッシュ，Tg (brn3a-hsp70 : GFP)あるいはTg (neurod : GFP)，Tg (huC : Kaede)を用いて神経発生を観察した結果，神経細胞
の分化は，時間的にも空間的にも極めて緻密に制御されたプロセスであることがわかった．神経前駆細胞から神経細胞の産生は，




そのリガンドのひとつニューレグリン 1のアイソフォームのひとつが，転写因子 neurogenin1 を発現する神経前駆細胞から
neurod を発現する神経細胞の産生・神経分化に関与すること，2）このニューレグリン 1のアイソフォームは，主に，radial glial
cell で発現するが，その細胞外ドメインの分布は神経細胞が産生される時期になると，basal 側を含め，脳内に広く分布する，
そして 3）subventricular 領域で，神経前駆細胞のErbB4 のリン酸化を介して，神経細胞を産生する細胞分裂に関与することを
見いだした．
このことをさらに確かめるため，ErbB インヒビターを用いて，その神経産生を阻害し，インヒビター除去により神経再生を
再開させたときの 3次元の神経発生を，タイムラプスにより，時間を追って 4次元で解析した．これを行うために，radial glia
で活性化されるGal4 発現型のトラップライン SAGFF（LF）81C を用いた．これにTg (brn3a-hsp70 : GFP)を掛け合せ，そこに










（1）Anmnr2b/hlxb9lb enhancer trap line that labels spinal and abducens motor neurons in zebrafish. Asakawa, K., Higashijima,
S.-i., and Kawakami, K. Developmental Dynamics 241, 327－332（2012）.
Institute for Frontier Medical Sciences
５．共同研究－１６５－
（2）Connexin 39.9 protein is necessary for coordinated activation of slow-twitch muscle and normal behavior in zebrafish.
Hirata, H., Wen, H., Kawakami, Y., Naganawa, Y., Ogino, K., Yamada, K., Saint-Amant, L., Low, S.E., Cui, W.W., Zhou, W.,
Sprague, S.M., Asakawa, K., Muto, A., Kawakami, K., and Kuwada, J.Y. Journal of Biological Chemistry 287（2）, 1080－1089
（2012）.
（3）Neuronal birth order identifies a dimorphic sensorineural map. Pujol-Martí, J., Zecca, A., Baudoin, J.P., Faucherre, A., Asakawa,
K., Kawakami, K., and López-Schier, H. The Journal of Neuroscience 32（9）, 2976－2987（2012）.
（4）Transgenic line with gal4 insertion useful to study morphogenesis of craniofacial perichondrium, vascular endothelium-
associated cells, floor plate, and dorsal midline radial glia during zebrafish development. Nakayama, S., Ikenaga, T.,
Kawakami, K., Ono, F., and Hatta, K. Development, Growth and Differentiation 54（2）, 202－215（2012）.
（5）The ciliary protein Nek8/Nphp9 acts downstream of Inv/Nphp2 during pronephros morphogenesis and left-right establish-
ment in zebrafish. Fukui, H., Shiba, D., Asakawa, K., Kawakami, K., and Yokoyama, T. FEBS Letter 586, 2273－2279（2012）.
（6）A zebrafish model of intrahepatic cholangiocarcinoma by dual expression of hepatitis B virus X and hepatitis C virus core
protein in liver. Liu, W., Chen, J.R., Hsu, C.H., Li, Y.H., Chen, Y.M., Lin, C.Y., Huang, S.J., Chang, Z.K., Chen, Y.C., Lin, C.H.,
Gong, H.Y., Lin, C.C., Kawakami, K., and Wu, J.L. Hepatology 56, 2268－2276（2012）.
（7）Mechanism of pectoral fin outgrowth in zebrafish development. Yano, T., Abe, G., Yokoyama, H., Kawakami, K., and
Tamura, K. Development 139, 2916－2925（2012）.
（8）Visualization and exploration of Tcf/Lef function using a highly responsive Wnt/β-catenin signaling-reporter transgenic ze-
brafish. Shimizu, N., Kawakami, K., and Ishitani, T. Developmental Biology 370, 71－85（2012）.
（9）Targeted expression of a chimeric channelrhodopsin in zebrafish under regulation of Gal4-UAS system. Umeda, K., Shoji,
W., Sakai, S., Muto, A., Kawakami, K., Ishizuka, T., and Yawo, H. Neuroscience Research（2012）.
（10）Functional assessment of human coding mutations affecting skin pigmentation using zebrafish. Tsetskhladze, Z.R., Canfield,
V.A., Ang, K.C., Wentzel, S.M., Reid, K.P., Berg, A.S., Johnson, S.L., Kawakami, K., and Cheng, K.C. PLoS ONE 7, e47398
（2012）.
（11）Glycinergic transmission and postsynaptic activation of CaMKII are required for glycine receptor clustering in vivo.
Yamanaka, I., Miki, M., Asakawa, K., Kawakami, K., Oda, Y., and Hirata, H. Genes to Cells（2013）.
（12）Real-time visualization of neuronal activity during perception. Muto, A., Ohkura, M., Abe, G., Nakai, J., and Kawakami, K.
Current Biology 23, 307－311（2013）.
（13）Innervation is required for sense organ development in the lateral line system of adult zebrafish. Wada, H., Dambly-
Chaudière, C., Kawakami, K., and Ghysen, A. Proc. Natl. Acad. Sci. USA（2013）.
＜学会発表＞（全て口頭発表）
（1）Kawakami, K., Pradeep, L., and Hiratani, M. Genetic dissection of the adult zebrafish brain by the Gal4-UAS method. “Imag-
ing Structure and Function in the Zebrafish Brain”, UK（2012）.
（2）Kawakami, K. The transposon-mediated genetic methods in zebrafish and their application to the study of functional neural
circuits. “Asia-Pacific Developmental Biology Conference 2012”, Taiwan（2012）.
（3）Kawakami, K. Tol2-mediated transgenesis, gene trapping, enhancer trapping and Gal4-UAS methods. “Janelia workshop on
zebrafish genetics, transgenesis, and systems biology”, USA（2012）.
（4）Muto, A., Ohkura, M., Abe, G., Nakai, J., and Kawakami, K. Real-time visualization of the neuronal activity in the brain dur-
ing visual perception of a natural object. “10th International Conference Zebrafish Development and Genetics”, USA（2012）.
（5）Kawakami, K. The transposon-mediated genetic methods in zebrafish and their application to the study of functional neural
circuits : transgenic tools for calcium imaging. “The 2012 Cold Spring Harbor Asia Conference Zebrafish Disease Models”,
China（2012）.
【Mlh1 欠損マウスの胸腺および脾臓に発生する 2種類のリンパ腫における胎児期被ばくの影響】






















1. S. Kakinuma, M. Nishimura, Y. Amasaki, M. Takada, K. Yamauchi, S. Sudou, Y. Shang, K. Doi, S. Yoshinaga, Y. Shimada :
Combined exposure to X-irradiation followed by N-ethyl-N-nitrosourea treatment alters the frequency and spectrum of Ika-
ros point mutations in murine T-cell lymphoma, Fundamental and Molecular Mechanisms of Mutagenesis : A Section of Mu-
tation Research, 737（1－2）, 43－50, 2012
2. S. Hirano, S. Kakinuma, Y. Amasaki, M. Nishimura, T. Imaoka, S. Fujimoto, O. Hino, Y. Shimada : Ikaros is a critical target
during simultaneous exposure to X-rays and N-ethyl-N-nitrosourea in mouse T-cell lymphomagenesis, International Journal
of Cancer, 132（2）, 259－268, 2013
＜学会発表＞
1. M. Sunaoshi, Y. Amasaki, S. Hirano, T. Takabatake, T. Morioka, M. Nishimura, Y. Shimada, A.a Tachibana, S. Kakinuma :
Age dependency of Ikaros and Pten alterations in radiation-induced T-cell lymphoma, Childhood Cancer 2012 -International
scientific conference on early exposure and childhood cancer-, London, 2012.04
2. S. Kakinuma, M. Takimoto, S. Fujimoto, Y. Amasaki, S. Hirano, S. Kito, Y. Oota, M. Fukushi, Y. Shimada : Effects of in utero
radiation exposure on lymphomagenesis in Mlh1-deficient mice, Childhood Cancer 2012 -International scientific conference





6. Y. Shimada, M. Nishimura, K. Daino, T. Imaoka, Y. Yamada, S. Takeda, Y. Amasaki, Y. Shang, T. Sawai, S. Hirano, K. Iwata, T.
Morioka, C. Tsuruoka, B. Blyth, S. Tani, A. Hosoki, K. Ariyoshi, T. Kokubo, Y. Ishida, S. Kakinuma : Age dependent radiation
sensitivity to carcinogenesis of mice and rats, NIRS International Symposium in collaboration with IAEA, Chiba, 2012.12
7. Y. Shimada, M. Nishimura, K. Daino, T. Imaoka, Y. Yamada, S. Takeda, Y. Shang, Y. Amasaki, T. Sawai, K. Iwata, T. Kokubo,
Y. Ishida, S. Kakinuma : Age dependence of radiation carcinogenesis in mouse and rat models, The 25th International Sym-
posium Foundation for Promotion of Cancer Research “Radiation and Cancer”, Tokyo, 2012.12
8．藤本真慈，柿沼志津子，島田義也：TCRβ鎖遺伝子の asynchronous rearrangement は常に成立しているか？ Kyoto T Cell
Institute for Frontier Medical Sciences
５．共同研究－１６７－
Conference，第 22 回学術集会，京都，2012.07
9. S. Fujimoto, S. Kakinuma : Detecting an aberrant V（D）J recombination, a hybrid joint, in murine thymic lymphomas，第 41
回日本免疫学会学術集会，神戸，2012.12











我々は，これまで機能未知であった遺伝子Xが，p53 によって誘導される遺伝子である事を見いだし，Xが p53 によるAkt
抑制を担う重要な遺伝子である事を世界で初めて明らかにした．遺伝子Xは，細胞膜に存在するイノシトールリン脂質（PIPs）
との結合に働く PHドメインのみから構成されるタンパク質をコードしている．一方，Akt も PHドメインを持つタンパク質で
あり，活性化には PHドメインを介して細胞膜に局在する事が必須である．Xは，Akt のいわば内在的に発現する dominant nega-


















1．第 71 回日本癌学会学術総会，シンポジウム発表，2012. 9






























では野生型MEFに比べて有意な周期異常が確認された．この周期異常は in vitro でこの変異ESを分化誘導したときに形成され
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Daisuke Yamashita, Norihiro Ohnishi, Toru Kondo miR340 inhibits tumorigenesis of glioma-initiating cells by targeting plasmino-























表面マーカー発現解析：我々が間葉系幹細胞分析用に開発してきた抗体アレイを用いて，GE1 細胞およびC3H10T1/2 clone 8
細胞に発現する表面マーカーを分析した．解析には，CD11b，CD31，CD44，CD45，CD51，CD73，CD90，CD105，CD254 に
対する抗体およびコントロールとして IgG が配列固定された抗体
アレイを用いた．GE1 細胞およびC3H10T1/2 clone 8 をトリプシ
ン処理によって培養皿から回収した後，1 mg/mL γグロブリンお











その基材上にGE1 細胞およびC3H10T1/2 clone 8 細胞を播種して
部位特異的な培養を試みた．また，二種類の抗体が部位特異的に




2 clone 8 細胞に対して特異的に結合する細胞外マトリックスの組
み合わせを選択するため，ラミニン－1，フィブロネクチン，Ⅰ型コ
ラーゲン，ゼラチンを表面に固定したガラス基材をそれぞれ作製し








レイ分析法を用いて，GE1 細胞およびC3H10T1/2 clone 8 細胞に
発現する表面マーカーを調べた．その結果，図2に示すように，CD73
は GE1 細胞に発現するが，C3H10T1/2 clone 8 細胞には発現してい
ないことがわかった．これとは逆に，CD105 は GE1 細胞には発現






図 3． 2 種類の抗体を部位特異的に吸着させた基材表面
の蛍光顕微鏡写真．緑：Alexa Fluor 488 標識抗
体，赤：PE標識抗体．






抗体および抗CD105 抗体を基材上に吸着させた．この表面にGE1 細胞およびC3H10T1/2 clone 8 細胞の混合懸濁液を滴下した．
なお，両細胞を区別するため，予めC3H10T1/2 clone 8 細胞を赤色蛍光を有する PKH26 で染色した．結果を図 4に示す．図 4









まず，GE1 細胞およびC3H10T1/2 clone 8 細胞に発現しているイ
ンテグリンの種類をRT-PCR法によって調べた．図 5に示すよう
に，上皮細胞（GE1 細胞）では，とくに α6 および β4 インテグリンの
発現が特徴的であった．これらが複合体を作るとラミニン－1 に対
して比較的親和性が高いことが知られている．一方，間葉細胞（C3







果を図 6に示す．GE1 細胞はラミニン－1 に比較的よく接着した．






















1）Nakaji-Hirabayashi T, Kato K, Iwata H, In vivo study on the survival of neural stem cells transplanted into the rat brain with






解析を行った．本年度は，主に Scx と Osterix（Osx）の発現局在に着目し，これらの転写因子が生理的なメカニカルストレスの
影響下でどのような発現パターンを示すのかについて詳細に解析した．更に，Sox9Cre の knock-in マウスとレポーターマウス
であるAi14 マウスを交配して Sox9Cre ; Ai14 を作成し，歯と歯周組織における Sox9 陽性細胞の系譜を解析した．非脱灰凍結切
片は，粘着フィルムを用いた川本法によって作製した．石灰化組織中の蛋白質の抗原部位は，切片を 0.25 M EDTA/PBS に浸
漬し，1時間の脱灰処理を行って露出させた．
蛍光免疫染色による解析の結果，ScxGFPTgの臼歯とその周辺組織では，歯の萌出前である 2週齢において，歯根膜線維芽
細胞の一部でGFPの発現が検出された．一方，Sox9Cre ; Ai14 では，2週齢において，歯根膜線維芽細胞，骨芽細胞，象牙芽細
胞，エナメル芽細胞，及び歯髄細胞で蛍光蛋白が検出されたことから，Sox9 発現細胞は，歯や歯周組織を構成するほぼ全ての
細胞に分化していることが明らかとなった．ScxGFPTgでは，歯の萌出に伴ってGFPの発現が上昇し，4，6，8，及び 12 週齢
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tion によって Scx の発現を解析した場合も，同様の結果が得られた．骨芽細胞，セメント細胞及び歯槽骨中の骨細胞においては，
低いレベルのGFPの発現が検出されたが，セメント芽細胞では，GFPの発現はほとんど検出されなかった．ScxGFPTgの歯根
膜におけるGFPの発現は，全ての週齢の臼歯において，根尖部付近では低く，歯頸部付近では高い傾向が認められた．GFPと










側の歯根膜では，TGF-β系列のシグナル分子である Smad3 のリン酸化が Scx の発現上昇に先立って認められた．さらに歯根膜




ることができる．この細胞における Scx の発現をノーザンブロット法により解析すると，腱細胞と同等のレベルで Scx を発現し
ていることが明らかとなった．
さらに，Scx の発現とTGF-βシグナリングの関係を解析するために，培養歯根膜細胞にTGF-β2 を添加して Scx の発現を解
析した．これまでの実験結果から，ラットの腱細胞ではTGF-β2 の添加により Scx の発現レベルが上昇することが明らかとなっ
ている．培養歯根膜細胞においてもTGF-β2，BMP4，FGF2 を添加し検討した結果，TGF-β2 で最も Scx の発現レベルの上昇が
認められた．さらにWestern blot により解析したところ，TGF-β添加に伴い Smad3 のリン酸化が認められた．従って，歯根膜
細胞ではTGF-βに反応して Scx の発現レベルが上昇することが明らかとなった．
次に，ストレッチチャンバーを使用し，動物実験モデルにおける牽引力とTGF-βシグナリングとの関係や，メカニカルスト
レスがどのようにして Scx の発現レベルに影響を与えるのかについて解析した．培養歯根膜細胞に伸展刺激を与えたところ 1時
間でTGF-βシグナリング分子である Smad3 リン酸化の上昇が認められた．また伸展刺激を与えるとともに，TGF-βの阻害剤













Aki Takimoto, Masayoshi Kawatsu, Yuki Sugimoto, Masahiro Seiryu, Etsuko Ikeda, Teruko Takano-Yamamoto, Ung-il Chung,
Yuji Hiraki, and Chisa Shukunami : Expression of Scleraxis in the periodontal ligament is upregulated by tensile mechani-





日 時：2012 年 7 月 19 日（木）～21 日（土）
演 題：歯根膜における Scleraxis の発現とその制御




日 時：2012 年 9 月 14 日（金）～15 日（土）
演 題：歯根膜における Scleraxis の発現と矯正的歯の移動による変化の解析
発表者：川津 正慶
3）第 71 回日本矯正歯科学会
日 時：2012 年 9 月 26 日（水）～28 日（金）
演 題：矯正的歯の移動モデルを用いた歯根膜における Scleraxis の機能解析




4）第 9回 Skeletal Research Meeting
日 時：2012 年 11 月 10 日（土）











Connexin 43，Slc27A4，Irx-3，Atm，Desmin，Sox9，Cathepsin L，SCF，c-Kit など，これまで，セルトリ細胞で発現が確認
されているものも含まれていた．
図．高温によるストレスにより，精子形成の低下とセルトリ細胞の Gap-junction形成の異常がみられる．Sox9を緑
色で，GJP1（Gap-junction protein 1）を赤色で示した．（x200）左は高温 15日後，中央は，常温に戻し，13日後，
右は，17日後．














1. Orihashi K, Tojo H, Okawa K, Tashima Y, Morita T, Kondoh G : Mammalian carboxylesterase（CES）releases GPI-anchored
proteins from the cell surface upon lipid raft fluidization. Biol Chem. 393 : 169－76. 2012
2. The Gene Eexpression of Mouse Sertoli cells（準備中）
＜学会発表＞
Yoshida, K, Yoshida, S, Eguchi-Kasaai, K, Morita T.Influence of X-ray to Mouse Early Embryos，第 35 回日本分子生物学会年会






の in situ ハイブリダイゼーションによって発見したことを大きな根拠として提案し，CLCL12 を含むケモカインが精子形成幹
細胞・ニッチシステムにおける機能を解明することを目的として研究を遂行している．









T. Sato, T. Yokonishi, M. Komeya, K. Katagiri, Y. Kubota, S. Matoba, N. Ogonuki, A. Ogura, S. Yoshida and ＊T. Ogawa
＊Testis tissue explantation cures spermatogenic failure in c-Kit ligand mutant mice.
Proc. Natl. Acad. Sci. USA 109 : 16934－16938（2012）
総説／図書
＊S. Yoshida









S. Yoshida : Stem cell dynamics of mouse spermatogenesis at a single-cell resolution based on live-imaging, clonal-fate, and
theoretical analyses. The 10th NIBB-EMBL Symposium 2013 Quantitative Bioimaging , Okazaki, Japan, March 17－19, 2013
セミナー
S. Yoshida : Spermatogenic stem cell functionality in the mouse testis. Gurdon Institute, University of Cambridge, Cam-
bridge, UK, January 10, 2013
招待講演／オーガナイザー
吉田松生：幹細胞制御機構：ニッチはどこまで解明されたか？ 第 35 回日本分子生物学会 シンポジウム・ワークショ
ップ 1W9II 福岡 2012 年 12 月 11 日－14 日
セミナー
吉田松生：マウス精子形成幹細胞の自己複製と分化の集団動態 久留米大学分子生命科学研究所セミナー 久留米 2012
年 12 月 10 日
研究集会
吉田松生：哺乳類の精子形成を支える幹細胞の究明第 7回 認識と形成研究会 宇都宮 2012 年 12 月 1 日－ 2 日
セミナー
吉田松生：岡山大学大学院自然科学研究科第 377 回生物科学セミナー 継続するマウス精子形成を支える幹細胞の実体と
動態 岡山 2012 年 11 月 29 日
セミナー
吉田松生：マウスにおける雄性配偶子幹細胞の実体と動態を求めて 弘前大学農学部セミナー 青森 2012年 11月 13日
招待講演
S. Yoshida : Mouse sperm stem cells : their behavior and functionality. Swiss Japanese Developmental Biology Meeting ,
Kyoto, Japan, November 5－8, 2012
招待講演
S. Yoshida : Behaviors and dynamics of the male germline stem cells in the mouse testis. Mammalian meiosis network, 2012
meeting , Nice, France, October 11－12, 2012
招待講演
K. Hara, B. Simons and S. Yoshida : A theory for mouse spermatogenic stem cell maintenance based on single cell fate
analyses and live imaging. Cold Spring Harbor Laboratory Meeting on Germ Cells , Cold Spring Harbor, New York, USA, Oc-
tober 2－6, 2012
招待講演
吉田松生：マウス精子形成を支える幹細胞の実体と動態を探る 名古屋大学リーディング大学院リトリート 岡崎 2012
年 9 月 10 日
招待講演／オーガナイザー
吉田松生：マウス精子形成を支える幹細胞の実体とその動態 第 30 回日本受精着床学会総会・学術講演会 シンポジウ
ム「精子幹細胞のバイオロジーとその応用」大阪府立国際会議場 2012 年 8 月 30 日－ 9 月 2 日
セミナー
S. Yoshida : Dynamics of spermatogenic stem cell population in the mouse testis. University of Turku, Finland, August 28,
2012
招待講演
S. Yoshida : Spermatogenic stem cell functionality in the mouse testis. Scandinavian Physiological Society Annual Meeting ,
Helsinki, Finland, August 24－26, 2012
研究集会
吉田松生：数理統計的にみたマウス精子幹細胞システム 第 5回生殖研究若手の会 三浦 2012 年 7 月 26 日－28 日
招待講演／オーガナイザー
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S. Yoshida : How are the Self-renewal and Differentiation of Mouse Spermatogenic Stem Cells Balanced? The 58/60th
NIBB Conference “Germline” Okazaki, Japan, July 17－21, 2012
招待講演
吉田松生：精子形成幹細胞研究の現状と展望 第 31 回日本アンドロロジー学会シンポジウム 1 神戸 2012 年 6 月 29 日
招待講演／オーガナイザー
S. Yoshida : Spermatogenic Stem cells : their behavior and functionality in the mouse testis. Symposium 3 Intrinsic and ex-
trinsic control of stem cell systems, Joint Meeting of The 45th Annual Meeting of the Japanese Society of Developmental Biologists
& The 64th Annual Meeting of the Japan Society for Cell Biology , Kobe, Japan, May 28－31, 2012
セミナー
S. Yoshida : Population asymmetry of the mouse spermatogenic stem cell system. University of Cambridge, Cambridge,
April 18, 2012
招待講演
S. Yoshida : In vivo behavior of the mouse spermatogenic stem cells. Joint Meeting of the British societies for Cell Biology




北舘 祐：（タイトル未定）マウス精上皮管腔極性化機構の解明 新学術領域研究「上皮管腔組織形成」第 1回国際シンポ
ジウム 北海道 2013 年 6 月 22 日－23 日
学会発表
Yu Kitadate : Characterization of mammalian spermatogenic stem cell niche. The 46th annual meeting for the Japanese Soci-
ety of Developmental Biologists（ JSDB）cosponsored by the Asia-Pacific Developmental Biology Network（APDBN）, Kunibiki
Messe, Matsue, Shimane, Japan, May 28－31, 2013
学会発表（ポスター）
Yu Kitadate, A. Maruyama and S. Yoshida : Vasculature-associated cxcl12 positive peritubular cells are important cell
types associated with the distribution of spermatogenic stem cells Cold Spring Harbor Laboratory Meeting on Germ Cells ,
Cold Spring Harbor, New York, USA, October 2 －6, 2012
招待講演
北舘 祐，丸山亜裕美，市川理恵，吉田松生：マウス精子幹細胞を支えるニッチ細胞の探索 日本遺伝学会第 84 回大会
福岡 2012 年 9 月 23 日－27 日
学会発表（ポスター）
Yu Kitadate, R. Ichikawa, A. Maruyama and S. Yoshida : Characterization of mouse male germline stem cell niche by gene
expression profiling using laser capture microdissection. 10th Annual Meeting of the International Society for Stem Cell Re-
search , Yokohama, June 13－16, 2012
学会発表
北舘 祐：マウス精上皮管腔極性化機構の解明 新学術領域研究「皮管腔組織形成」第3回領域会議・全体会議 宮城
2012 年 6 月 9 日－10 日
学会発表
北舘祐，市川理恵，吉田松生：レーザーマイクロダイセクション法によるマウス精子幹細胞ニッチの同定 第 34 回日本
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板垣 亮，出野 翔，西村勇人，桒原 令，小松光栄，松井利樹
学部生：西澤佑馬，平居佑亮，松岡洋佑 特定研究員（学術支援）：児玉智信
研究員（学術支援）：中井隆介 研究員（産官学連携）：Nguyen Minh Luan，白水泰昌
日本学術振興会特別研究員：小長谷周平，竹本直紘
〈生体物性学分野（国内客員）〉










教授：河本 宏 助教：増田喬子 大学院生：前田卓也，河田岳人，青野麻希，永野誠治，一瀬大志
研究生：Nicole Koller 技術補佐員：作本和義 事務補佐員：藤井絵理香，小野田由美，池田久美
■ 再生医学応用研究部門 ■
〈生体修復応用分野〉
教授：高橋 淳 特定拠点助教：◇森實飛鳥 特定助教：△浅田隆太
特定研究員：◇土井大輔，◇西村周泰，◇菊池哲広，◇元野 誠 民間共同研究員：◇孫谷弘明 研究員：◇山嵜絵海
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事務補佐員：◇中村仁美 教務補佐員：◇窪田 慶 技術補佐員：◇小ノ嶋優子，◇谷川麻紀，◇芦田知佳，◇唐子由紀子
大学院生：五百蔵義彦，小芝 泰，佐俣文平，佐野徳隆，陣上直人，勝川美都子，宮脇良文 学部生：中島悠介
〈組織再生応用分野〉
教授：戸口田淳也 講師：加藤友久 事務補佐員：安田尚代，芳野麻里絵 技術補佐員：日下智聖
大学院生：松本佳久，福田 誠，日根野 翔，松永一仁
〈器官形成応用分野〉










教授：中辻憲夫 准教授：中馬新一郎 特定研究員（NEDO）：※細川美穂子 教務補佐員：森部江美子，酒井睦美
事務補佐員：廣富ひとみ 大学院生：望月綾子，林 瑛理，刀谷在美
〈胚性幹細胞研究分野〉






教授：山下 潤 研究員（iPS 細胞研究）：◇武田匡史
特定研究員：松永太一，福島弘之 大学院生：劉 ，皆川朋皓，楊 振南，松家未来，柳瀬 諒
教務補佐員：村山千里，志野瑞穂，吉岡美樹，平田夕華 研修員：星野託広
〈幹細胞加工研究分野〉
准教授：多田 高 研究員：福地恵美，平野邦生，Sun Liang Tso
大学院生：藤枝雅博，勅使河原利香 研究生：Cho Jun Kwon
■ 附属再生実験動物施設 ■
施設長・教授：近藤 玄 副施設長（兼）：戸口田淳也 技術職員：出口央士，渡邊仁美，荻原智幸
技能補佐員：古卿智英，石丸英典，西山尚之，柴田 豊，森本幸子，竹明フサ，向 一哲，永井智美，佐々木 勉，大場雅之，





























総務掛長：山中茂宏 主任：原 彰子 事務補佐員：戸倉理恵子
※：物質－細胞統合システム拠点所属 ◇：iPS 細胞研究所所属
△：医学研究科所属
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